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APPENDIX A

SPACECRAFT MISSION DESCRIPTION

This appendix presents the sequence of phases and related mission
events associated with the spacecraft for the general Voyager Mars
mission. The mission operations begin with flight hardware acceptance
review and shipment of the flight hardware to Cape Kennedy and con-
tinues until termination of the mission. Mission operation as defined
here begins with the launch phase and primarily deals with spacecraft
flight operations. Thus this description serves as a framework for the

detailed flight sequence

As shown in Figure A-1, the mission has been divided into phases
which are continuous periods of time arranged in order of occurrence
and define the sequence in which the mission is conducted. Each phase
is, in turn, made up of one or more periods; each such period of opera-
tion is in turn defined in terms of subsystem operating modes or func-
tions. These operating modes are the functional building blocks for
defining the mission and relate the mission functional requirements to
subsystem design. Definition of operating modes is given in Appendix B
as supporting data for the mission description. In presenting sequence
tables for each mission phase, references are provided to the applicable

mode description in Appendix B.
1. LAUNCH PHASE

The launch phase begins with the initiation of final countdown and
terminates at the initiation of S-IVB stage second burn for injection

into an interplanetary trajectory. Table A-1 gives a sequential list of

operating modes and events for the launch phase.

i.1 Final Countdown

Confirmation of a Voyager mission readiness condition initiates
the final countdown. The countdown will be conducted in two periods.
During the first period all of the planetary vehicle components which
will operate during launch will be turned on and will be monitored.
Spacecraft system status and verification of planetary vehicle-launch

vehicle interface status will be monitored via hard line and radio link

A-1
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Table A-1. Operating Modes and Events
for the Launch Phase

Appendix B 1
Reference i

1. Launch phase

1.1 Prelaunch

Countdown initiated

1.2 Space vehicle ascent flight
S-IC stage ignition
Holddown release and liftoff
S-IC stage termination
Vehicle coast
S-IC stage jettison
S-1I stage ignition

S-1I stage termination

Vehicle coast

S-1I stage jettison
S-IVB stage ignition
S-IVB stage shutdown

1.3 Earth parking orbit
Vehicle stabilize and coast
Forward shroud elements jettison 9.1

Vehicle stabilize and coast

while the launch vehicle undergoes preflight propulsion, mechanical,
and electrical subsystem verification. During the second part of the
countdown, the planetary vehicle will continue to be monitored, while
the launch vehicle undergoes power transfer, final ordnance installa-
tion, and cryogenic propellant loading. Final safety and final status
checks will be performed, the planetary vehicle will be transferred to

internal power, and the automatic terminal countdown will be conducted.

The terminal countdown ends when the space vehicle is released and

lifts off.
A-2




| POLDOUT posi

'

END OF SPACECRAFT MARS
OPERATIONS

n 4 [ ]
1 [} [ ]
n ] L)
! 15. POST-LANDING 1 16. ORBIT TRIM 5 17. SPACECRAFT ORBITAL

. Er ORBITAL OPERATIONS  § MANEUVER - : OPERATIONS PHASE
' PHASE : POST-SEPARATION
: [ »
| [ ] [ ]
[ ] [ ] ]
1 ] |
! INITIATE T+ INITIATE H
s POST-LANDING 1 PREPARATIONS B RESUME
s ORBITAL ' FOR TRIM B ORBITAL
! OPERATIONS 1 MANEUVER s OPERATIONS

H .
H " :
: 15.1 H 16.1 . 17.1
" SPACECRAFT ' PREPARATIONS ' RBITAL
: ORBITAL : FOR : OPOERATION
: OPERATION : MANEUVER '
[ |
E l : :
[ ]
INITIATE
" T MANEUVER 1
- 1 Y L
[ § [ ] [ ]
[ ] [ ] "
' ' 16.2 '
' ' ORIENTATION '
' ' AND VELOCITY '
! H ADJUSTMENT !
[ ] ] 1
[l [ ] [ ]
[ ] [ ] [ ]
] [ ] |
[ 1 :
-1 H 4 '
b : 16.3 '
' ' REORIENTATION :
H : TO CELESTIAL .
' ' REFERENCES
' 1 L
. ’ L
[ 1 l 1
| [ ]

. ' ' SPACECRAFT ¥
H H STABILIZED 4
[ ] . 1
[ ] [ [ ]
] [ 1
1 (] [ |
1 (] ]
| | ) [ |
[ | 1 [ ]
[ ] [ ] B
[ ] 8
[ ] ] [ ]
1 ] [ ] [ ]
| a 1
[ | [ | [ ]
[ ] [ | [ ]
| ] ) H
] [ ] [ ]
[ ] [ | :
: : ;
. H :
. : :
[ ]

1 1 1
5 . '
. 1 1
1 1 :
[ |
] : "
. [l ]
a [ 1
[} [ ]
] ] ]
[ | '] ]
[ ] [] [ ]
[ ] ] [ ]
M 1 1
[ ] B [ ]
[ ] [] ]
[ ] ] [ ]
[ ] [ ] [ |
[ ] [ ] [ §
[ ] [ ] [ ]
[ ] [ | [
[ ] [ ] [ §
[ | [ | [ ]
| [ ] 1
- L ]
. Figure A-1.

Voyager Spacecraft
Mission Phase Sequence



BRECEDING PAGE BLANK NOT FILMED.

At liftoff the spacecraft has the following operating status:

Electrical Power. The spacecraft utilizes ground power until

final status check. Prior to final status check electrical power is

switched to internal battery power.

S-Band Radio. The up and down RF links are operative through

the low-gain antennas. The radio transmission is on the low power

transmitter and the high power transmitter is turned off.

UHF Capsule Relay Link. The UHF capsule relay link is non-

operative.

Command and Sequencing. The command and sequencing subsys-

tem is on and operating. The mission clock is initiated late in the

countdown prior to final status checks.

E3
Data and Telemetry. The DS and T is on and operating and on-

board spacecraft data is processed for real-time relay to the ground

station.

Guidance and Control. The gyros are turned on and operated in

the rate mode.

Electrical Distribution and Pyrotechnic Control. The spacecraft

will be coupled to the ground via umbilicals until late in the final count-
down. After electrical power is switched to internal the shroud umbili-

cals for the planetary vehicle are disconnected. The pyrotechnic control

assembly is in the prelaunch safe condition.

Configuration. The planetary vehicles are encapsulated in the

shroud. All antennas, booms, and the PSP are stowed and latched for

launch.

Thermal Control. The temperature control is operative during

the countdown. Heaters will function automatically as required. En-
vironmental control within the shroud compartment is provided by the

launch vehicle system.
Propulsion. The propulsion system is unarmed and nonoperative.

Science Sensors. Science sensors are turned off.

*DS and T stands for data storage and telemetry
A-5
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{.2 Space Vehicle Ascent Flight

Space vehicle ascent flight begins at Saturn V holddown release
(liftoff) and continues until the S-IVB stage firing is terminated in earth
parking orbit. During this period the Saturn V will automatically per-
form all functions and the spacecraft will be monitored via radio link

transmitted through the shroud.

The first stage, S-IC, of the Saturn V will boost the space vehicle
approximately 40 nautical miles and then separate. The second stage,
S-1I, will increase altitude and then be jettisoned. Finally, the third
stage (S-IVB) will insert the remainder of the space vehicle including
both planetary vehicles into a near-circular 100-nautical mile earth
parking orbit. Figure A-2 shows pictorially the relationship between

space vehicle elements and the earth during the launch phase.

4. INZECTION INTO
MARS TRANSIT
FORWARD

SHROUD 3. SEPARATION
ELEMENTS OF FORWARD

IN ELPITICAL SHROUD ELEMENT
EARTH ORBIT

2. EARTH PARKING ORBIT

. LIFTOFF

~

100 NMmi NEAR—CIRCULAR EARTH ORBIT

EARTH-MARS
INTERPLANETARY
TRANSIT
TRAJECTORY

Figure A-2. Typical Launch Phase

1.3 Earth Parking Orbit Operations

During earth parking orbit operations, the nose fairing and shroud

elements enclosing the forward planetary vehicle will be separated and

the space vehicle will cruise until powered flight for injection into the

interplanetary transfer trajectory is initiated. Separation will cause the
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. forward shroud elements to increase altitude and slow down with respect

to the space vehicle.
2. INJECTION PHASE

The injection phase begins with the initiation of the S-IVB stage
second burn and terminates when the aft planetary vehicle is separated
from its planetary vehicle adapter. During this phase, the space vehicle
is injected into an interplanetary transfer trajectory and the planetary
vehicles are separated and prepared for interplanetary operations.

Table A-2 gives a sequential list of subsystem operating modes employed
during the injection phase. The major events are shown pictorially in

Figure A-3.

Table A-2. Subsystem Operating Modes Employed
During Injection Phase

Appendix B

. Reference
{

2. Injection phase

2.1 Injection
S-IVB stage ignition

S-IVB stage shutdown in earth-Mars
transit trajectory

Vehicle coast period

2.2 Forward planetary vehicle separation sequence 9.2
| IMU initiate separation sequence

Planetary vehicle begins separation
from shroud

C and S start mission clock
C and S assume control of planetary vehicle
Pyrotechnic control pre-arm 8.5
2.3 Forward planetary vehicle post-separation
sequence
Planetary vehicle separated from shroud

\
. G and C switched to rate nulling mode 7.2
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Table A-2. Subsystem Operating Modes Employed
During Injection Phase (Continued)

Appendix B
Reference
Temperature control appendage drive
heaters turned on (if required) 11.2-11.5
Radio uplink on low gain reception 2.1
Radio downlink switched to low power and
low-gain antenna 3.3
Pyrotechnic control armed 8.4 and 8.7
Cruise configuration established 10. 1
Boom mounted low-~gain antennas
deployed 10. 1
High-gain antennas released 10.1
Medium-gain antennas released 10. 1
PSP deployed to cruise condition 10.1
Temperature control in normal operating
mode 11.1
High-gain antenna pointed to earth 4.2
Radio downlink switched to low power and
high-gain antenna 3.1
MOS verification of planetary vehicle cruise
configuration
Planetary vehicle ready for acquisition phase
2.4 Mid-shroud elements jettison 9.3
2.5 Aft planetary vehicle separation 9.2

Sequence the same as 2.2

2.6 Aft planetary vehicle post separation sequence

Sequence the same as 2.3




AFT PLANETARY S-iv 8
VERICLE

MIDSECTION
SHROUD ELEMENT

FORWARD
PLANETARY
VEHICLE

\\\\\\\\\\\\\

1. INJECTION
2. SEPARATION OF FORWARE PLANETARY VEHICLE
3. SEPARATION OF MIDSECTION SHROUD ELEMENTS
4. SEPARATION OF AFT PLANETARY VEHICLE

Figure A-3. Injection Phase

2.1 Injection into Interplanetary Transfer Trajectory

The injection into interplanetary transfer trajectory is accomplished
by re-ignition of the S-IVB stage, which provides the velocity increment
required to inject the planetary vehicles onto the specified interplanetary
transit trajectory to Mars, biased to preclude dispersions from re-

sulting in an inadvertent Martian impact.

2.2 Separation of Forward Planetary Vehicle

Separation of the forward planetary vehicle will be initiated auto-
matically by the Saturn V with the transmission of a separation initiation
signal from the instrument unit to the forward planetary vehicle after
the space vehicle has stabilized from the shutdown transient. Separation
will take place as soon as the spacecraft/DSN communication allows
coverage of separation. The spacecraft of the forward planetary vehicle
physically disconnects and separates with sufficient velocity to ensure
that no interference occurs between it and any other elements of the
space vehicle. During separation, uplink and downlink communication

with the spacecraft is via the omnidirectional low-gain antenna.
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2.3 Forward Planetary Vehicle Post-Separation Operations

The planetary vehicle post-separation operations begin when the
planetary vehicle is separated from the space vehicle and continue until
the initiation of celestial reference acquisition. During this period the
planetary vehicle will be allowed to rotate at a low rate after the initial
tipoff rates have been nulled to 0.01 deg/sec and will establish the cruise
configuration. Appendages such as booms, antennas, and the PSP are
released from the launch constraints and deployed to their cruise posi-
tion. If required, appendage drive heaters may be turned on by ground
command. All components and subsystems which operate during inter-
planetary transit phases will be turned on after separation has been
completed. During post-separation operations the planetary vehicle
will be in continuous communication, i.e., uplink command, downlink
real-time telemetry, and tracking by the DSN. Command uplink lock-

on is prerequisite to beginning celestial reference acquisition.

2.4 Coast Period and Jettison of Aft Shroud Elements ‘

During the coast period, following separation of the forward plane-

tary vehicle, the shroud elements forward of the aft planetary vehicle
adapter will be separated. Jettison of the aft shroud elements will be

initiated automatically by the Saturn V instrument unit.

2.5 Separation of Aft Planetary Vehicle

Separation of the aft planetary vehicle from its adapter will be
executed in the same manner as the separation of the forward planetary

vehicle.

2.6 Aft Planetary Vehicle Post-Separation Operations

The aft planetary vehicle post-separation operation is the same

as forward planetary vehicle post-separation operations, Section 2.3,

3. ACQUISITION PHASE
The acquisition phase for each planetary vehicle begins after sepa-

ration, and terminates when the vehicle attitude is stabilized on its

celestial attitude references. Table A-3 gives a sequential list of sub-

system operating modes employed during the acquisition phase. It
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Table A-3. Subsystem Operating Modes Employed
During Acquisition Phase

Appendix B
Reference
3. Acquisition phase
DS and T switched to store engineering data 5.5
Radio uplink switched to low gain coverage |

Radio downlink switched to low power and
low-gain antenna

G and C begins sun acquisition
Electrical power switched to solar arrays

Batteries begin recharge

N e = W
N = = bW

G and C begins Canopus acquisition

should be noted that from initiation of the acquisition phase through the
end of the mission, each planetary vehicle will be considered separately.
Mission operations activities, including tracking and telemetry data
acquisition, will be coordinated but independent for each of the planetary
vehicles throughout the remainder of the mission. The remaining phase
descriptions are for one planetary vehicle. Each phase will be dupli-

cated for each vehicle.

3.1 Orientation of Planetary Vehicle to Celestial Reference

During this period the planetary vehicle will automatically initiate
and execute a maneuver to acquire the celestial referenced orientation.
The gas reaction control system is used in conjunction with a coarse
sun sensor to align the planetary vehicle aft roll axis with the sun. A
fine sun sensor will be utilized to accurately maintain the sun orienta-
tion. The vehicle will then be oriented in roll by acquiring the star
Canopus. Following the acquisition of the celestial references, the
planetary vehicle will maintain a stabilized attitude for interplanetary
cruise. Figure A-4 shows the orientation of the planetary vehicle at

various times during the acquisition phase.

A-11
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6. POSITION
HIGH GAIN

ANTENNA
TO EARTH;
CONFIRMS

ACQUISITION
5. ROLL LOCK ON

\ CANOPUS REFERENCE

4, ROLL TO ACQUIRE
CANOPUS
REFERENCE

3. PITCH AND YAW

N SUN 2. PITCH AND YAW
R RFERENCE TO ACQUIRE SUN

REFERENCE

1. ESTABLISH CRUISE
CONFIGURATION

SUN

Figure A-4. Acquisition Phase

4, INITIAL INTERPLANETARY CRUISE PHASE

The interplanetary cruise phase for each planetary vehicle will be

initiated after the vehicle is initially stabilized on its celestial attitude

references. The initial interplanetary cruise phase for each planetary
vehicle will be interrupted for an arrival date separation maneuver.
Table A-4 gives a sequential list of operating modes employed during
the initial interplanetary cruise phase.

Table A-4. Operating Modes Employed During
Initial Interplanetary Cruise Phase

Appendix B
Reference
4. Initial interplanetary cruise
G and C switched to cruise operation
(coarse limit cycle) .
DS and T switched to stored data readout
DS and T switched to real-time engineering
data 5.1
High-gain antenna automatic reposition 4.1
Canopus sensor updated as required 7.1
Radio downlink switched to high power and
low-gain antenna 3.6
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During the initial interplanetary cruise the planetary vehicles
remain oriented with respect to the celestial reference system (sun-
Canopus) and are maintained attitude-stabilized by G and C cruise limit
cycle. Continuous communications with the earth are maintained via
the omnidirectional antenna. Any data stored during maneuvers or the
reorientation period preceding the cruise phase are dumped. The high-
gain antenna will be positioned to earth pointing and its position will be
updated as the angle between the sun-spacecraft and earth-spacecraft
lines change. In the event celestial reference is lost at any time, the

G and C will automatically initiate inertial hold, and when possible will

reacquire celestial references.

During interplanetary cruise, phase tracking data will be acquired
by switching to range code transmission as required to collect sufficient

metric data to calculate periodic trajectory corrections.

Figure A-5 shows the time and spatial relationship between earth,
Mars, sun, and the two planetary vehicles during their interplanetary
transit to Mars. In addition to the arrival date separation maneuver
for each planetary vehicle the other maneuvers performed during transit

are shown.

MARS ORBIT INSERTION OF
PLANETARY VEHICLE NO. 2

15 FEB 1974

MARS ORBIT
INSERTION OF
DEPART EARTH PLANETARY A ARRIVAL SEPARATION MANEUVER
21 JULY 1973 VEHICLE NO, 1 PLANETARY VEHICLE NO. 2
7 FEB 1974 B FIRST INTERPLANETARY TRAJECTORY
CORRECTION OF PLANETARY VEHICLE NO. 2
C  SECOND INTERPLANETARY TRAJECTORY
CORRECTION OF PLANETARY VEHICLE NO. 2
1 ARRIVAL SEPARATION MANEUVER
PLANETARY VEHICLE NO. 1
TIC MARKS PLACED AT 20-DAY 2 FIRST INTERPLANETARY TRAJECTORY
INCREMENTS FROM LAUNCH CORRECTION OF PLANETARY VEHICLE NO. 1
3 SECOND INTERPLANETARY VEHICLE NO. 1
| SN S — —

k4 0 0.5 1.0
SCALE (AV)

Figure A-5. Typical 1973 Voyager Mission Interplanetary
Cruise and Maneuvers
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5. ARRIVAL DATE SEPARATION MANEUVER

At preselected times, between 2 and 20 days after injection, each
of the planetary vehicles will execute ground-commanded maneuvers
designed to provide the time separation in planetary vehicle arrivals at
Mars, and correct for the S-IVB aiming point bias and injection errors
after sufficient tracking data has been acquired and the initial interplan-
tary trajectory has been accurately determined. After the maneuver is
completed, the spacecraft will automatically reacquire the cruise
attitude.

The times selected for the maneuvers may be changed by ground
command if necessary. FEach subphase will be automatically sequenced
on board; however, verification by the MOS of the status of the previous
subphase will be required to enable the progression to events. Table A-5
gives a sequential list of subsystem operating modes employed to
accomplish the arrival date separation maneuver. Figure A-6 shows

a typical maneuver sequence. \

6. VELOCITY 5. VELOCITY 4. VERIFY PLANETARY 3 piren

7. REORIENT PLANETARY CORRECTION CORRECTION VEMICLE ATTITUDE  *" piENTATION
VEHICLE TO CELESTIAL COMPLETE 2. ROLL 1. MANEUVER
REFERENCES . VR ORIENTATION PREPARATIONS

CRUISE

SUN

Figure A-6. Typical Maneuver Sequence

5.1 Preparation for Maneuver

During this period, maneuver preparations are carried out by the
MOS, and the planetary vehicle will receive ground commands updating
maneuver parameters stored in the C and S. Preparation for the arrival

date separation maneuver includes G and C preparations, memory read-

out, and the selection of the appropriate data and transmission modes.

A-14




Table A-5. Subsystem Operating Modes Employed to
Accomplish Arrival Date Separation Maneuver

Appendix B
Reference

5. Arrival date separation maneuver

5.1 Preparation for maneuver
MOS initiate update of maneuver parameters

Radio uplink switched to maximurn coverage 2.1
reception

Radio downlink switched to high power and
low-gain transmission 3.6

C and S memory (maneuver parameters)
updated from ground

G and C begins maneuver preparation 7.7
DS and T switched to C and S memory readout

MOS verification of C and S memory

5.2 Orientation and velocity adjustment

High-gain antenna command reposition (to
be earth pointing after reorientation) 4.2

DS and T switched to spacecraft real-time
engineering data 5.1

MOS verification of G and C maneuver
preparation

DS and T switched to engineering data storage 5.5
G and C begins attitude orientation
G and C switched to attitude hold (limit cycle) 7.3

Radio downlink switched to low power and
high-gain transmission

DS and T switched to stored data readout 5.6
MOS verification of planetary vehicle attitude

Pyrotechnic bus armed for propulsion
operation 8.5

Propulsion system pressurized 12.1

Radio downlink switched to high power and
low-gain transmission 3.6

DS and T switched to engineering data storage 5.1
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Table A-5. Subsystem Operating Modes Employed to Accomplish
Arrival Date Separation Maneuver (Continued)

Appendix B
Reference
G and C switched to engine operation control 7.9
Propulsion system begins low thrust operation 12. 1
5.3 Reorientation to celestial references
G and C switched to maneuver completion mode
(to reacquire celestial references) 7.10
High-gain antenna command repositioned (to
be earth pointing after celestial acquisition)
DS and T switched to engineering data storage 5.5
Electrical power on solar array (recharge
batteries as required) 1.1

5.2 Orientation and Velocity Adjustment

During this period, the planetary vehicle thrust axis will be
oriented for the maneuver and the high-gain antenna repositioned to be
earth pointing after the proper maneuver orientation has been achieved.
While the spacecraft is turning, communication will be maintained
through the omnidirectional antennas (which provide spherical coverage
from the spacecraft), the high-gain antenna will be repositioned, and
the propulsion system will be pressurized. The maneuver data will be
recorded on board as well as transmitted in real-time and, after orienta-
tion is complete, the attitude will be verified by switching to the high-
gain antenna and stored data will be played back. After the MOS verifies
the orientation, the engine will be ignited and operated to achieve the
velocity vector required for Mars arrival time separation and to correct
dispersions in the trajectory which may be determined from ground

tracking data acquired prior to the maneuver.

5.3 Reorientation to Celestial References

After the maneuver is completed the planetary vehicle will auto-
matically reacquire the celestial attitude references by turning through

the same angles in a negative direction as those which were turned
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during the orientation for the maneuver. Prior to reorienting, the
communications will be switched to the low-gain antenna for omnidirec-
tional transmission and the data switched to storage in addition to real-
time transmission. When the reorientation is complete, the planetary
vehicle will be aligned with the sun-Canopus references and cruise

operations will be resumed.
6. INTERPLANETARY CRUISE PHASE

The interplanetary cruise phase for each planetary vehicle will be
initiated when the vehicle is initially stabilized on its celestial attitude
references after completion of the arrival date separation maneuver.
Interplanetary cruise phase for each planetary vehicle will be inter-
rupted subsequently for an interplanetary trajectory correction maneu-
ver. Table A-6 gives a sequential list of operating modes employed

during the initial interplanetary cruise phase.

Table A-6. Operating Modes Employed During
Initial Interplanetary Cruise

Appendix B
Reference
6. Interplanetary cruise (resume 5)
G and C switched to cruise operation
(coarse limit cycle) 7.6
DS and T switched to stored data readout 5.6
DS and T switched to spacecraft real-time
engineering data 5.1
High-gain antenna automatic reposition 4.1
Canopus sensor updated as required 7.11
Radio uplink switched to maximum gain 2.2
Radio downlink switched to low power high-
gain transmission (for ranging) 3.1

6.1 Interplanetary Cruise

During the interplanetary cruise, the planetary vehicles remain

oriented with respect to the celestial reference system (sun-Canopus)
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and are maintained attitude stabilized by G and C cruise limit cycle.
Continuous communications with earth are maintained via the omni-
directional antenna as long as the gain margin at the ground reception
station is sufficient to provide usable data. When the margin drops
below this level, the spacecraft downlink antenna or power will be
switched to main signal strength at the ground station. The high-gain
antenna will be positioned to be earth pointing and position will be up-
dated as the angle between the sun-spacecraft and earth-spacecraft

lines changes.

The Canopus sensor has an adequate field of view so that no updating
is required to compensate for the variation in Canopus position over the

course of the Voyager mission.

Tracking data will be acquired immediately after cruise is estab-
lished to collect sufficient metric data to assess the maneuver and

calculate subsequent trajectory corrections.
7. INTERPLANETARY TRAJECTORY CORRECTION

At a time between 2 and 20 days after injection, each of the plane-
tary vehicles will execute ground-commanded maneuvers designed to
adjust the interplanetary transit trajectory such that the Mars flyby path
will have the proper Mars-centered periapsis consistent with the position
and arrival time requirements for Mars orbit insertion. After the ma-
neuver is completed, the spacecraft will automatically reacquire the

cruise attitude.

Each subphase will be automatically sequenced on-board; however,
verification by the MOS of the status of the previous subphase generally
will be required to enable propulsion firing. Table A-7 gives a sequen-
tial list of subsystem operating modes employed to accomplish the

interplanetary trajectory correction,

The nominal mission requirements are for up to two interplanetary
trajectories to be performed as required. The accuracy of the first will
determine the requirements for a second. Each is conducted in the same

manner. Table A-7a gives the sequence for the second correction.
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Table A-7. Subsystem Operating Modes Employed to Accomplish
Interplanetary Trajectory Correction

Appendix B
Reference
7. Interplanetary trajectory correction
7.1 Preparation for maneuver
MOS initiate update of maneuver parameters
Radio uplink switched to maximum coverage
reception 2.1
Radio downlink switched to high power and
low-gain transmission 3.6
C and S memory (maneuver parameters)
updated from ground
G and C begins maneuver preparation 7.7
DS and T switched to C and S memory readout
MOS verification of C and S memory
High-gain antenna command reposition (to be .
earth pointing after reorientation) 4.2
DS and T switched to spacecraft real-time
engineering data 5.1
MOS verification of G and C maneuver
preparation
7.2 Orientation and velocity adjustment _
DS and T switched to engineering data storage 5.5
G and C begins attitude orientation
G and C switched to attitude hold (limit cycle) 7.3
Radio downlink switched to high power and
high-gain transmission 3.1
DS and T switched to stored data readout 5.6
Pyrotechnic bus armed for propulsion
operation 8.5
Radio downlink switched to high power and
low-gain transmission
DS and T switched to engineering data storage
G and C switched to engine operation control
Propulsion system begins low thrust ullage
blowdown operation 12.2
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Table A-7. Subsystem Operating Modes Employed to Accomplish
Interplanetary Trajectory Correction (Continued)

Appendix B
Reference
7.3 Reorientation for celestial references
G and C switched to maneuver completion
mode (to reacquire celestial references) 7.10
High-gain antenna command reposition (to be
earth pointing after celestial acquisition) 4.2
DS and T switched to engineering data storage 5.5
Electrical power on solar array (recharge
batteries as required) 1.1

Table A-7a. Subsystem Operating Modes Employed to Accomplish
Second Interplanetary Trajectory Correction

Appendix B
Reference

7a. Interplanetary trajectory correction (second)

7a.1 Preparation for maneuver
MOS initiated update of maneuver parameters

Radio uplink switched to maximum coverage
reception 2.1

Radio downlink switched to high power and
low-gain transmission 3.6

C and S memory (maneuver parameters)
updated from ground

G and C begins maneuver preparation
DS and T switched to C and S memory readout
MOS verification of C and S memory

DS and T switched to spacecraft real-time
engineering data 5.1

MOS verification of G and C maneuver
preparation
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Table A-7a. Subsystermn Operating Modes Employed to Accomplish
Second Interplanetary Trajectory Correction (Continued)

Appendix B
Reference

7a.2 Orientation and velocity adjustment

High-gain antenna command reposition (to be

earth pointing after reorientation)

DS and T switched to engineering data storage

G and C begins attitude orientation

G and C switched to attitude hold (limit cycle) 7.3

Radio downlink switched to high power and

high-gain transmission 3.1

DS and T switched to stored data readout 5.6

MOS verification of planetary vehicle attitude

Pyrotechnic bus armed for propulsion operation 8.5

DS and T switched to engineering data storage 5.5

G and C switched to engine operation control 7.9

Propulsion system begins low thrust ullage:

blowdown operation 12.2
7a.3 Reorientation to celestial reference

High-gain antenna command reposition (to be

earth pointing after celestial acquisition) 4.2

DS and T switched to engineering data storage 5.5

G and C switched to maneuver completion

mode (to reacquire celestial references) 7.10

Electrical power on solar array (recharge

batteries as required) 1.1

7.1 Preparation for Maneuver

During this period, maneuver preparations will be initiated by the
MOS. The planetary vehicle will receive ground commands to provide
maneuver parameters for storage in the C and S memory. Preparation
for the interplanetary trajectory correction includes G and C prepara-
tions, memory readout, and the selection of the appropriate data and
transmission modes. After completion of this period and MOS verifica-

tion, the spacecraft will proceed with orientation for velocity adjustment.
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7.2 Orientation and Velocity Adjustment

During this period, the planetary vehicle thrust axis will be
oriented for the maneuver and the high-gain antenna repositioned to be
earth-pointing after the proper maneuver orientation has been achieved.
While the spacecraft is turning, communication will be maintained
through the low-gain antennas, which provide spherical coverage from
the spacecraft, and the high-gain antenna will be repositioned. During
the turn, in the event that this maneuver is performed beyond the range
for adequate transmission link margin with the low-gain antenna, only
tracking will be available in real-time. The maneuver data will be
recorded on board as well as transmitted in real-time and, after the
orientation is complete and the attitude verified by switching to the

high-gain antenna, the stored data will be played back.

After the MOS verifies the spacecraft orientation, the engine will
be ignited and operated in the low thrust mode to achieve the velocity

vector required for the trajectory correction.

7.3 Reorientation to Celestial References

After the maneuver is completed, the planetary vehicle will
reacquire the celestial attitude references by turning through the same
angles in a negative direction as those which were turned during the
orientation for the maneuver. Prior to reorienting, the communications
will be switched to the low-gain antenna for omnidirectional transmission
and the data switched to storage in addition to real-time transmission.
When the reorientation is complete, the planetary vehicle will again be
aligned with the sun-Canopus references and interplanetary cruise
operations will be resurned. If an additional correction is required,

it will be performed in a like manner.

8. FINAL INTERPLANETARY CRUISE PHASE

The interplanetary cruise phase for each planetary vehicle will be
resumed when the vehicle is stabilized on its celestial attitude refer-
ences following the interplanetary trajectory correction. The inter-
planetary cruise phase for each planetary vehicle will last at least

2 days and be finally terminated approximately 7 days prior to the actual
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Mars orbit insertion, when the preparations for insertion begin by ground
command from the MOS. Table A-8 gives a sequential list of operating
modes employed during the final interplanetary cruise phase.

Table A-8. Operating Modes Employed During
Final Interplanetary Cruise Phase

Appendix B
Reference
8. Final interplanetary cruise (resume 5)
G and C switched to cruise operation (coarse
limit cycle) 7.6
DS and T switched to stored data readout 5.6
DS and T switched to spacecraft real-time
engineering data 5.1
High-gain antenna automatic reposition 4.1
Canopus sensor updated as required 7. 11

Radio downlink switched to high power and
high-gain antenna when required (approxi-
mately 1 + 70 days) 3.4

Radio uplink switch to maximum gain

8.1 Final Interplanetary Cruise

During the final interplanetary cruise, the planetary vehicles
remain oriented with respect to the celestial reference system and are
maintained attitude stabilized by G and C cruise limit cycle. Continuous
communications with the earth are maintained through the high-gain
antenna until approximately 20 days prior to Mars orbit insertion when
the spatial geometry will allow the medium-gain single-gimballed
antenna to be earth pointed as a backup to the high-gain antenna, Any
data stored during maneuver or reorientation period succeeding the
cruise phase are dumped. The high-gain and medium-gain antennas will

be positioned to be earth pointing and position will be updated as required.

The Canopus sensor has an adequate field of view so that no up-
dating is required to compensate for the variation in the Canopus position

over the course of the Voyager mission.
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During interplanetary cruise phase, sufficient tracking data will
be acquired to accurately calculate the maneuver parameters required

for Mars orbit insertion.
9. MARS ORBIT INSERTION PHASE

The orbital insertion phase will be initiated at preselected times.
This event will occur between several days after the final trajectory
correction is completed and approximately 7 days prior to Mars en-
counter and will be terminated when the planetary vehicle is stabilized

with respect to the celestial references in Mars orbit.

The time selected for the maneuver may be changed by ground
command if necessary. The Mars orbit insertion phase will take place
in full view of the earth. Each subphase will be automatically sequenced
on board; however, verification by the MOS of the status of the previous
subphase will be required to enable the progression to propulsion firing.
Table A-9 gives a sequential list of subsystem operating modes em-
ployed to accomplish the arrival Mars orbit insertion maneuver. The

sequence of events is shown in Figure A-7.

7. ORBIT OPERATION 6. REORIENT PLANETARY

VEHICLE TO CELESTIAL
REFERENCES
7 T
/  MARS
S
//
EARTH SUN .
o -
/

( GEOMETERIC
RELATIONSHIP

MARS ORBIT —

1. CRUISE

-

INTERPLANETARY F
TRANSIT B

T
TARGETING

4. INSERTION INTO
MARS ORBIT

Figure A-7. Typical Mars Orbit Insertion Sequence
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Table A-9. Subsystem Operating Modes Employed
to Accomplish Mars Orbit Insertion

Appendix B
Reference
9. Mars orbit insertion
9.1 Preparation for maneuver
MOS initiated update of maneuver parameters
Radio uplink switched to maximum coverage
reception 2.1
Radio downlink switched to high power and
medium-gain transmission 3.6
C and S memory (maneuver parameters) up-
dated from ground
G and C begins maneuver preparation 7.7
DS and T switched to C and S memory readout
MOS verification of C and S memory
DS and T switched to spacecraft real-time
engineering data 5.1
MOS verification of G and C maneuver
preparation
9.2 Orientation and Insertion
High-gain antenna command reposition (to be
earth pointing after reorientation) 4.2
DS and T switched to engineering data storage 5.5
Radio downlink switched to high power and
low-gain transmission 3.6
G and C begins attitude orientation 7.8
Electrical power switched to batteries 1.2
G and C switched to attitude hold (limit cycle) 7.3
Radio downlink switched to high power and
high-gain transmission 3.1
DS and T switched to stored data readout 5.6
MOS verification of planetary vehicle attitude
Pyrotechnic bus armed for propulsion operation 8.5
DS and T switched to engineering data storage 5.5
G and C switched to engine operation control 7.9
Propulsion system begins high thrust operation 12.3
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Table A-9. Subsystem Operating Modes Employed to Accomplish
Mars Orbit Insertion (Continued)

Appendix B
Reference
9.3 Reorient to celestial references
Radio downlink switched to high power and
low-gain transmission (for tracking) 3.6
G and C switched to maneuver completion
mode (to reacquire celestial references) 7.10
High-gain antenna command reposition (to be
earth pointing after celestial acquisition) 4.2
Electrical power switched to solar array
(recharge batteries as required) 1.1

9.1 Preparation for Maneuver

During this period, maneuver preparations will be initiated by the
MOS. The planetary vehicle will receive ground commands updating
insertion parameters stored in the C and S memory. Preparation for
the Mars orbital insertion includes G and C preparations, memory
readout, and the selection of the appropriate data and transmission
modes. After verification by the MOS that preparations have been satis-
factorily completed, the spacecraft is ready to proceed with the orienta-
tion for velocity adjustment. Updating of maneuver parameters may be

accomplished if required up to the time orientation begins.

9.2 Orientation and Insertion

During this period, the planetary vehicle thrust axis will be
oriented for insertion into Mars orbit. Initially, communications will
be with the medium-gain antenna and later switched to the omnidirec-
tional antenna, which will provide carrier tracking during the turn.
The high-gain antenna will be repositioned to be earth pointing after
the proper maneuver orientation has been achieved. The maneuver
data will be recorded on board after the orientation is completed, the
attitude will be verified by switching to the high-gain antenna, and stored
data will be played back. After the MOS verifies the orientation, the

engine will be ignited and operated in the high thrust mode, to achieve
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the velocity vector required for Mars orbit insertion. The timing of
the orbit insertion maneuver is the most critical of the maneuvers,
since the time in which the insertion may take place will be limited.
Therefore, the orientation will be performed as early as possible to
allow for verification of the attitude and sufficient time for reorienting
the planetary vehicle, if required, prior to engine operation. The con-
straint on starting the turn will be determined based on time allowable
on battery power under the electrical loads developed during the maneu-
ver. In the event of a malfunction of the main engine the C-1 engines
are available to take over as a backup for propulsion operations. In
the event that the main engine fails to provide thrust the C-1 engine
will automatically take over as a backup for the orbit insertion pro-

pulsion operation.

9.3 Reorientation to Celestial References

After the maneuver is completed, the planetary vehicle will re-
acquire the celestial attitude references by turning through the angles
required to reorient the planetary vehicle attitude with respect to the
celestial references. Prior to reorienting, the communications will be
switched to the low-gain antenna omnidirectional carrier tracking trans-
mission and the data switched to storage of engineering measurements.
When the reorientation is complete, the planetary vehicle will be
aligned with the sun and Canopus references and cruise operations will
be resumed.

10. POST-INSERTION PLANETARY VEHICLE

ORBITAL OPERATION PHASE

The post-insertion orbital operation (pre-trim) is initiated after
the planetary vehicle is stabilized following Mars orbit insertion and is
interrupted for an orbital trim maneuver. Table A-10 gives a sequen-

tial list of subsystem operating modes employed during this phase.

10.1{ Orbital Checkout

During this period, the planetary vehicle will be in orbital cruise
around Mars. The medium- and high-gain antennas will be pointed to

earth and data stored will be played back., Then the spacecraft will be
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Table A-10. Subsystem Operating Modes Employed During
Post-Insertion Planetary Vehicle Orbital
Operation

Appendix B
Reference
10. Post-insertion orbital operation
10.1 Orbital checkout
G and C switched to cruise limit cycle 7.6
Radio uplink switched to maximum coverage
reception 2.1
Radio downlink switched to high power and
high-gain transmission 3.4
Medium-gain antenna automatically repositioned
(to be earth pointing) 4.1
DS and T switched to stored data readout .6
DS and T switched to real-time engineering and
science data ' 5.4
PSP switched to.automatic ground tracking 13.3
G and C switched to fine limit cycle 7.3
Orbital science preparations 13.1
DS and T switched to real-time science and
video data storage 5.4/5.5
DS and T switched to stored video data readout
and science data storage 5.6/5.5
DS and T switched to real-time science data 5.4
MOS verification of science operation
MOS update of science sequences (if required)
C and S science sequences updating from
ground
DS and T switched to C and S memory readout 5.2
MOS verification of C and S memory
10.2 Orbital operation (pre-separation)
Orbital science operation initiated 13.2
DS and T switched to real-time science and
video data storage 5.4/5.5
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Table A-10. Subsystem Operating Modes Employed During
Post-Insertion Planetary Vehicle Orbital
Operation (Continued)

Appendix B
Reference
DS and T switched to stored video data readout
and science data storage 5.6/5.5
DS and T°switched to real-time science data 5.4

See Section 17 for more detailed sequence

brought into the orbital configuration. The PSP will be turned on and
will begin tracking the center of Mars. The science instruments will be
turned on and calibrated (if required), sequence data will be taken and
the instruments will be checked out, the limb and terminator sensors
will be turned on, and the C and S will be switched to automatic science
sequencing. After all subsystems, including the science package, have
been checked out, the MOS can verify the orbital operations and, if
required, up&ate the science orbital sequencing by ground command and
adjustment of science instruments. Following the updating, the space-

craft will begin pre-separation orbital operation.

10.2 Orbital Operation (Pre-Separation)

After the MOS has verified and updated the orbital operating
parameters, if such updating is required, the spacecraft will begin
orbital operations. The orbital operations will continue for the re-
mainder of the mission; however, interruptions will occur as required
for orbital trim maneuvers before and after separation, the spacecraft
will begin orbital science operation by sequencing the appropriate sensors
and by operating the PSP in automatic Mars tracking mode or by target
pointing as required to obtain the desired data. The data acquired will
be for support of the capsule operations, i.e., surveying landing areas
and obtaining detailed information about the area finally chosen for cap-

sule touchdown. Video and science data will be primarily gathered
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during periods when the suborbital point on the Mars surface is in day-
light between the dawn and evening terminators and near the orbit peri-
apsis. Video data will be stored during the period of video data acquisi-
tion and transmitted to earth during the remainder of the orbital period.
A more detailed description of orbital operations is found in Section 17,

spacecraft orbital operation.
11. ORBIT TRIM MANEUVER

An orbit trim maneuver will be performed between orbital inser-
tion and capsule separation. This maneuver will be initiated by ground
command, and will be performed to correct errors in the initial Mars
orbit or to improve the orbital characteristics to support the capsule
landing. After the maneuver is completed, the spacecraft will auto-
matically reacquire the celestial referenced attitude and resume orbital

operations.

The times selected for the maneuver may be changed by ground

command if necessary. Each subphase will be automatically sequenced

on board; however, verification by the MOS of the status of the previous ‘ |
subphase will be required to enable the progression to events. Table A-11
gives a sequential list of subsystem operating modes employed to accom~-

plish the orbit trim maneuver.

{1.1 Preparation for Maneuver

During this period, maneuver preparations will be initiated by the
MOS. The planetary vehicle will receive ground commands to enter
maneuver parameters in the C and S memory. Preparation for the orbit
trim maneuver includes G and C preparations, memory readout, and the

selection of the approximate data and transmission modes.

11.2 Orientation and Velocity Adjustment

During this period, the planetary vehicle thrust axis will be
oriented for the maneuver and the high-gain antenna repositioned to be
earth pointing after the proper maneuver orientation has been achieved.
The spacecraft is commanded initially on the medium-gain antenna;

however, while the spacecraft is turning, communication will be obtained

through the omnidirectional low-gain antennas, which provide carrier
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Table A-11. Subsystem Operating Modes Employed to
Accomplish Orbit Trim Maneuver

Appendix B
Reference
11. Pre-separation Mars orbit trim maneuver
11.1 Preparations for maneuver
MOS initiated update of maneuver parameters
Radio uplink switched to maximum coverage
reception 2.1
Radio downlink switched to high power and
medium-gain transmission 3.5

C and S memory (maneuver pararneters) updated
from ground

Orbital science operation inhibited

Gand C begins‘ maneuver preparation 7.7
DS and T switched to C and S memory readout 5.2
MOS verification of C and S memory

High-gain antenna command reposition (to be
earth pointing after reorientation) 4.2

DS and T switched to spacecraft real-time
engineering data 5.1

MOS verification of G and C maneuver
preparation

11.2 Orientation and velocity adjustment

DS and T switched to engineering data storage 5.5
Radio downlink switched to high power and low-

gain transmission (for tracking) 3.6
G and C begins attitude orientation 7.8
Electric power switched to batteries 1.2
G and C switched to attitude hold (limit cycle) 7.3
Radio downlink switched to high power and

high-gain transmission 3.1
DS and T switched to stored data readout 5.6

MOS verification of planetary vehicle attitude
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Table A-11. Subsystem Operating Modes Employed to
Accomplish Orbit Trim Maneuver (Continued)

Appendix B
Reference
Pyrotechnic bus armed for propulsion operation 8.5
DS and T switched to engineering data storage 5.5
G and C switched to engine operation control 7.9
Propulsion system begins low thrust ullage
blowdown operation 12.2
11.3 Reorientation to celestial references 7.3
DS and T switched to store spacecraft engi-
neering data 5.5
Radio downlink switched to high power and
low-gain transmission (for tracking) 3.6
G and C switched to maneuver completion mode
(to reacquire celestial references) 7.10
High-gain antenna command reposition (to be
earth pointing after celestial acquisition) 4.2
Electrical power switched to solar array
(recharge batteries as required) 1.1

tracking of the spacecraft. The maneuver data will be recorded on-board
and, after the orientation is. complete, the attitude will be verified by
switching to the high-gain antenna and playing back the stored data.

After the MOS verifies the orientation, the engine will be ignited and

operated in the low thrust mode to achieve the velocity vector required

for the orbit trim.

11.3 Reorientation to Celestial References

After the maneuver is completed the planetary vehicle will re-
acquire the celestial attitude references by turning through the same
angles in a negative direction as those which were turned during the
orientation for the maneuver. Prior to reorienting, the communications
will be switched to the low-gain antenna for omnidirectional carrier
tracking and the data switched to storage. When the reorientation is
complete, the planetary vehicle will be aligned with the sun-Canopus
references and cruise operations will be resumed. .
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12.

PRE-SEPARATION ORBITAL OPERATIONS
PHASE (POST-TRIM)

o

The pre-separation orbital operations phase begins when orbital

operations are resumed after the planetary vehicle is stabilized with

respect to the celestial references following the planetary vehicle orbit

trim maneuver, and will be terminated when the preparations for

spacecraft-capsule separation are initiated. Table A-12 gives a se-

quential list of subsystem operating modes employed during this phase.

Table A-12. Subsystem Operating Modes Employed to Accomplish
Pre-Separation Orbital Operations
Appendix B
Reference
12. Pre-separation orbital operation
G and C switched to cruise limit cycle 7.6
Radio uplink switched to maximum gain
reception 2.2
Radio downlink switched to high power and
high-gain transmission 3.4
Medium-gain antenna automatically repositioned 4.1
High-gain antenna automatically repositioned 4.1
DS and T switched to stored data readout 5.6
DS and T switched to spacecraft real-time
engineering and science data 5.4
PSP switched to automatic ground tracking 13.3
G and C switched to fine limit cycle 7.3
Orbital science operations initiated 13.2
DS and T switched to real-time science and
video data storage 5.4/5.5
DS and T switched to stored video readout
and science data storage 5.6/5.5
DS and T switched to real-time science data 5.4

12.

Orbital Operation (Pre-Separation)

After the planetary vehicle orbit trim maneuver is completed, the

spacecraft will begin orbital operations which will continue until capsule
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support operations are initiated. During this period, which precedes
capsule separation, the spacecraft will resume orbital science opera-
tion by sequencing the appropriate sensors and by operating the PSP in
automatic Mars tracking mode or by target point as required to obtain
the desired data. Additional data will be acquired to support the cap-
sule landing operation. Additional details may be found in Section 11.2,

orbital operation (pre-separation).

13. SPACECRAFT-CAPSULE SEPARATION PHASE

The spacecraft-capsule separation phase will begin at the time the
capsule subsystems are activated for separation, and extend until the
capsule thrust axis is oriented for the capsule deorbit maneuver after
it has separated from the spacecraft. Insofar as spacecraft operations
are concerned, this phase ends when the capsule (lander) is separated
from the planetary vehicle. Table A-13 gives a sequential list of sub-
system operating modes employed during the spacecraft-capsule sepa-
ration phase. A pictorial representation of the sequence of capsule

separation and support is shown in Figure A-8.

13.1 Preparation for Separation

During this period, the spacecraft separation sequence will be
initiated. Nominal values for the separation initiation time and the cap-
sule deorbit maneuver parameters, stored in the C and S memory prior
to launch, will be updated by ground command from the MOS, if neces-
sary. The capsule will be activated and checked out and separation

will be enabled and initiated by the spacecraft.

13.2 Capsule Separation

The capsule separation will be initiated by verification of the
capsule readiness by the MOS. The C and S will then send a separation
signal to the capsule. After receipt of the separation signal, the cap-
sule physically separates and moves away from the spacecraft. Nominal
spacecraft-capsule separation requires no maneuvers by the spacecraft.
However, a backup capability for spacecraft orientation of the capsule

prior to separation is available.
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Table A-13. Subsystem Operating Modes Employed During
Spacecraft-Capsule Separation

Appendix B
Reference
13. Spacecraft-capsule separation
13.1 Preparation for separation
MOS initiated update of maneuver parameters
Radio uplink switched to maximum gain
reception 2.2
Radio downlink switched to high power and
high-gain transmission
DS and T switched to real-time capsule data
C and S memory (maneuver parameters)
updated from ground
Orbital science operations inhibited
DS and T switched to C and S memory readout 5.2
MOS verification of C and S memory
Capsule lid jettisoned Capsule
DS and T switched to real-time capsule engi-
neering and science data 5.3

C and S initiate capsule separation sequence
Capsule systems activated

Capsule system checked out

13.2 Capsule separation
MQOS verification capsule readiness

C and S sent separation signal to capsule
system

Capsule separation from spacecraft
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Figure A-8. Spacecraft-Capsule Separation
and Support Sequence

14, POST-SEPARATION CAPSULE SUPPORT PHASE

The post-separation capsule flight phase will begin for the space-
craft when the flight capsule is separated, and continue until the capsule
has landed on the Martian surface and completed landed operations.
Table A-14 gives a sequential list of subsystem operating modes em-
ployed during the post-separation capsule support phase. The phase is

shown in Figure A-9.

14.1 Post-Separation Orbital Operations

During this period, the spacecraft continues orbital operations and
will support the capsule between separation and landing and (as required)
until the end of operations on Mars by receiving capsule data for re-

transmission by the spacecraft to earth.

When the capsule enters the Mars atmosphere, the capsule will
switch from low rate engineering data to both low rate engineering and
higher rate science data. The data which is relayed to the spacecraft
will be received by the UHF capsule link receiver and then transferred

to the spacecraft data storage and telemetry subsystem for handling and

A-36




o

Table A-14. Subsystem Operating Modes Employed During
Post-Separation Capsule Support

Appendix B
Reference
14. Capsule separation from spacecraft
Capsule radio link receives capsule engi-
neering data
Capsule deorbit Capsule

Capsule enters atmosphere (800, 000-ft altitude) Capsule
Capsule radio link switched to high rate data

Capsule video transmission begins Capsule
DS and T switched to real-time capsule engi-

neering and video data storage 5.3/5.5
Capsule landing Capsule

Capsule out of spacecraft line of sight
DS and T switched to stored data readout 5.6
Capsule within spacecraft line of sight

DS and T switched to real-time capsule engi-
neering and video data storage 5.3/5.5

SPACECRAFT

CAPSULE SUN

ks
Ry

i DSN STATION

Figure A-9. Post-Separation Capsule Support Phase
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retransmission to earth. Data storage will be provided for capsule data
for both video and capsule engineering. The data storage mode will be
used at times when the capsule relay link data rate exceeds the space-
craft transmission capability or for periods in which the downlinks
between the spacecraft and the earth are ineffective or inoperative for

any reason.
15. POST-LANDING ORBITAL OPERATIONS PHASE

Post-landing orbital operations will begin when the flight capsule
has landed on Mars. The spacecraft will either support capsule landed
operations or begin orbital experiments for the acquired scientific data
for transmission to earth. This phase may be interrupted for a space-
craft orbit trim maneuver, if required, for adjustment of the orbit
characteristics. See Table A-15 for a sequential list of subsystem
operating modes.

Table A-15. Subsystem Operating Modes Employed During
Post-Landing Orbital Operations

Appendix B
Reference
15. Post-landing orbital operations
{5.1 Orbital operations (post-separation)
Pyrotechnic bus armed for PSP deployment 8.7
PSP deployed to post-separation final
orbital configuration 10.2

Initiate orbital sequence

See Table A-17 for detailed orbital sequence

15.1 Spacecraft Orbital Operation

After the flight capsule has landed on Mars, the spacecraft will
continue in orbit around Mars and accomplish orbital science operation
and will support the flight capsule landed operations as required. Detailed
descriptions of the operating characteristics of the spacecraft during this
period are found in Section 14. 1 for capsule support, and Sections 17.1,

1{7.2, 10.2, and 12. 1 for orbital science operations. In addition, the
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PSP is deployed to its fully extended position after the capsule has been

separated from the spacecraft.
16. ORBIT TRIM MANEUVER -POST-SEPARATION

One or more trim maneuvers may be required subsequent to cap-
sule separation if orbit adjustments are required to optimize spacecraft
orbital operations. The maneuver will be initiated by ground command
and be performed in a similar manner to the previous orbit trim (see
Section 11). After the maneuver is completed, the spacecraft will auto-
matically reacquire the celestial referenced attitude and resume orbital

operations.

The times selected for the maneuver will be selected by ground,
based on orbital science requirements and tracking data acquired after
capsule separation. Each subphase will be automatically sequenced
on-board; however, verification by the MOS of the status of the previous
subphase will be required to enable the progression to events. Table A-16
gives a sequential list of subsystem operating modes employed to accom-

plish the orbit trim post-separation maneuver.

16.1 Preparation for Maneuver

During this period, maneuver preparations will be initiated by the
MOS. The planetary vehicle will receive ground commands to enter
maneuver parameters in the C and S memory. Preparation for the orbit
trim maneuver includes G and C preparations, memory, readout, and

the selection of the approximate data and transmission modes.

16.2 Orientation and Velocity Adjustment

During this period, the planetary vehicle thrust axis will be
oriented for the maneuver and the high-gain antenna will be repositioned
to be earth pointing after the proper maneuver orientation has been
achieved. The spacecraft communication will initially be through the
medium-gain antenna; however, while the spacecraft is turning, com-
munications will be maintained through the omnidirectional low-gain
antennas, which provide carrier tracking of the spacecraft. The ma-
neuver data will be recorded on-board and, after the orientation is

complete, the attitude will be verified by switching to the high-gain
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Table A-16. Subsystem Operating Modes Employed to
Accomplish Orbit Trim Post-Separation

Appendix B
Reference
16. Post-separation orbital trim maneuver
16.1 Preparation for maneuver
MOS initiated update of maneuver parameters
Radio uplink switched to maximum coverage 2.1
Radio downlink switched to high power and
medium-gain transmission 3.5
C and S memory (maneuver parameters)
updated from ground
Orbital science operation inhibited
G and C begins maneuver preparation
DS and T switched to C and S memory readout
High-gain antenna command reposition (to be
earth pointing after reorientation) 4.2
DS and T switched to spacecraft real-time
engineering data 5.1
MOS verification of G and C maneuver
preparation
16.2 Orientation and velocity adjustment
DS and T switched to engineering data storage 5.5
Radio downlink switched to high power and
low-gain transmission 3.6
G and C begins attitude orientation 7.8
Electric power switched to batteries 1.2
G and C switched to attitude hold (limit cycle) 7.3
Radio downlink switched to high power and
high-gain transmission 3.1
DS and T switched to stored data readout 5.6
MOS verification of planetary vehicle attitude
Pyrotechnic bus armed for propulsion operation 8.5
DS and T switched to engineering data storage 5.5
G and C switched to engine operation control 7.9
Propulsion system begins low thrust ullage
blowdown operation 12.2
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Table A-16. Subsystem Operating Modes Employed to
Accomplish Orbit Trim Post-Separation
(Continued)
Appendix B
Reference
16.3 Reorientation to celestial references

DS and T switched to engineering data storage 5.5

Radio downlink switched to high power and

low-gain transmission (for tracking) 3.6

G and C switched to maneuver completion mode

(to reacquire celestial references) 7.10

High-gain antenna command reposition (to be

earth pointing after celestial acquisition) 4.2

Electrical power switched to solar array

(recharge batteries as required) .1

G and C switched to limit cycle 7.3

Radio downlink switched to high power

high-gain transmission ) .4

DS and T switched to stored data readout .6

DS and T switched to engineering data storage .5
} Propellant tanks vented to ambient 12.4

DS and T switched to stored data readout 5.6

antenna and playing back the stored data.

After the MOS verifies the

orientation, the engine will be ignited and operated in the low thrust mode.

to achieve the velocity vector required for the spacecraft orbit trim.

16.3 Reorientation to Celestial References

After the maneuver is completed, the planetary vehicle will re-

acquire the celestial attitude references by turning through the same

angles in a negative direction as those which were turned during the

orientation for the maneuver.

Prior to reorienting, the communications

will be switched to the low-gain antenna for omnidirectional carrier

tracking and the data switched to storage.

When the reorientation is

complete, the planetary vehicle will be aligned with the sun-Canopus

references and orbit cruise will be resumed. However, prior to entering
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orbital operations after the final maneuver when it has been determined
that all orbital requirements have been met, the propellant tanks will be
vented to ambient. The tanks are vented one at a time by operating in the
propulsion vent mode. After the tanks are completely vented, the space-
craft will resume the orbital operation phase and continue in this phase

for the remainder of the spacecraft mission life.
17. SPACECRAFT ORBITAL OPERATIONS PHASE

Spacecraft orbital operations will be resumed after the spacecraft
is established following the final spacecraft orbit trim maneuver and
continue through the end of the mission. During this phase, the space-
craft will complete an orbit approximately every 14 hours. This phase
can be subdivided into two types of periods. The first type corresponds
to orbit periods in which the spacecraft is never in the shadow of Mars,
and the second to those orbit periods in which the spacecraft passes
through the shadow of Mars. Figure A-10a shows a typical orbit alti-
tude versus time curve for the Mars orbit, the time is referenced in
hours from periapsis, and markers indicate typical terminator crossings
for dawn and evening. The terminator crossings will initiate the orbital

sequences for the science instruments.

17.1 Orbital Operation (Noneclipse)

During the orbital operation phase when the spacecraft does not
pass through the shadow of a Mars eclipse, the orbital operation sequence
will be performed per the sequential list of subsystem operating modes
presented in Table A-17. The radio communication to the ground will be
through the high-power and high-gain antenna downlink as long as the
spacecraft is in sight of a DSN station. If the spacecraft is not in sight
of a DSN station, the science as well as engineering data will be stored

on board and transmitted to ground at the earliest convenient time.

The orbital sequence will be initiated by the C and S each orbit by
sensing the spacecraft crossing of the dawn terminator and refined by
signals from the limb crossing sensor. The sensors will be turned on
and warmed up if required, the G and C will be switched to fine limit

cycle, science and the PSP will be switched to automatic Mars tracking.
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Figure A-10. Spacecraft Orbital Operations Phase

Table A-17. Subsystem Operating Modes
During Orbital Operation

Appendix B
Reference

17. Spacecraft orbital operations

{7.1 Orbital operation (noneclipse)
Electrical power on solar array
Radio uplink switched to maximum gain reception 2.2

Radio downlink switched to high power and
high-gain transmission 3.4

DS and T switched to stored data readout 5.6
Spacecraft terminator crossing (down)

C and S starts science sequence 13.2
Science sensors turned on

DS and T switched to real-time science data 5.4

A-43



TRW sysrems .

Table A-17. Subsystem Operating Modes During
Orbital Operation (Continued)

Appendix B
Reference
G and C switched to fine limit cycle 7.3
PSP switched to automatic tracking 13.3
Sensors switched to continuous data take
DS and T switched to real-time science and
video data storage 5.4/5.5
Photo-imaging switched to data take 14. 1
Science sensors switched to intermittent
data take
Science sensors switched to continuous
data take
Photo-imaging switched off
DS and T switched to real-time science 5.4
Spacecraft terminator crossing (evening)
Electrical power switched to battery
recondition (if required) 1.5

Science sensors switched to intermittent data take

DS and T switched to real-time science and

stored data readout 5.4/5.6
DS and T switched to real-time science 5.4
High-gain antenna automatic reposition (to be

earth pointing) 4.1
Canopus sensor updated (as required) 7.1

C and S memory updated (as required)

(Repeat sequence)

17.2 Orbital operation (eclipse)
Electrical power on solar array 1.1

Radio uplink switched to maximum gain
reception 1.1

Radio downlink switched to high power and
high-gain transmission 2.2

DS and T switched to stored data readout

Spacecraft terminator crossing (down)

C and S starts science sequence 13.2
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Table A-17. Subsystem Operating Modes During

Orbital Operation (Continued)

Appendix B
Reference
Science sensors turned on
DS and T switched to real-time science data 5.4
G and C switched to fine limit cycle 7.3
PSP switched to automatic tracking 13.3
Sensors switched to continuous data take
DS and T switched to real-time science and
video data storage 5.4/5.5
Photo-imaging switched to data take
Science sensors switched to intermittent
data take 14. ¢
Science sensors éwitched to continuous
data take
Photo-imaging switched off
DS and T switched to real-time science 5.4
Spacecraft sensors switched to intermittent
data take
DS and T switched to real-time science and
stored data readout 5.4/5.6
DS and T switched to real-time science 5.4
High-gain antenna automatic reposition (to be
earth pointing) 4.1
Canopus sensor updated (as required) 7.1
C and S memory updated (as required)
Spacecraft enters eclipse
Electrical power switched to batteries 1.2
G and C switched to inertial attitude hold 7.12
Science sensors switched to continuous
data take
Spacecraft emerges from eclipse 7.4
G and C reacquire sun
Electric power switched to solar array
(batteries recharged as required) 1.1
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Table A-17. Subsystem Operating Modes During
Orbital Operation (Continued)

Appendix B
Reference

G and C switched to coarse limit cycle 7.3

Science sensors switched to intermittent
data take

(Repeat sequence at dawn terminator crossing)

After tracking is established, the appropriate sensors will begin con-
tinuous scanning of the planet, for a short period of time near the dawn
terminator. As the spacecraft approaches periapsis, the photo-imaging
subsystem will begin to view the surface. The data acquired by the video
sensors are stored on board for transmission to the ground at a reduced

playback speed at a later date as link capacity allows.

The science sensors are normally taking intermittent data; how-
ever, some sensors will take a continuous period of data shortly after
passing the dawn terminator and again prior to passing the evening
terminator. The timing between terminators will be detected on the
previous orbit and updated each orbit. After passing the evening termi-
nator, the suborbital point will be in darkness and the science sensors
will again be switched to intermittent data. During the period when the
suborbital point is in darkness, stored data will be dumped and antenna
positioning, sensor update, C and S update, and any other required
housekeeping functions will be performed as needed. A typical science

sensor operations time line is shown in Figure A-10b for the orbital

operations with no eclipse.

As the spacecraft approaches the dawn terminator, the orbital

sequence will be repeated.

17.2 Orbital Operation (Eclipse)

The orbital operations in orbital periods which pass through the

shadow of Mars are similar to the preceding sequence except for those




o/

additional functions which result from the eclipse. A list of the sequen-
tial subsystem operating modes for an orbit period with an eclipse is

given in Table A-17.

During the eclipse the spacecraft will be isolated from solar electric
power and sun reference. Therefore, the electric power will be switched
to the batteries and the G and C to attitude hold until the spacecraft
emerges from the shadow. At that time, the G and C will reacquire
celestial references and solar power will be regained. The batteries
will automatically recharge after solar power is regained. As the
mission progresses, the batteries will lose capacity due to the repeated
duty cycle. When required, the batteries will be reconditioned by
command from the MOS.

The science sequencing will also be modified for orbital periods
in which eclipses occur. A typical science sensor operations time line
is shown in Figure A-10c for the orbital operation with eclipses. During
such periods, the science sensors will be switched to continuous data acqui-
sition during the eclipse in addition to the continuous data acquisition

during the lighted surface pass.
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APPENDIX B

SPACECRAFT OPERATING MODES

This appendix supports the mission description given in Appendix A
by discussing the subsystem operating modes referenced there. These
operating modes represent building blocks for defining the mission and
relate the corresponding functional requirements to the detail subsystem

design as presented in Volumes 3, 4, and 5.

The modes for each subsystem are defined and a detailed sequence
of events is given representing pertinent commands and conditions. The
source of control and the active subsystem is given for each event along
with comments to provide supplementary information. Prerequisites for
the mode are also identified, corresponding to spacecraft generated con-
ditions outside the subsystem concerned. This mmode sequence data along
with the general mission flow in Appendix A provides a complete detailed
sequence for the mission. The associated discussion then provides a

narrative mission description.
1. ELECTRICAL POWER

The electric power subsystem functions in the following operating

modes: solar power, battery power, and battery reconditioning.

1.1 Solar Power Mode

The normal operating mode of the electric power subsystem is on
solar arrays. During solar power operation the batteries are charged as

required at a high rate until completely charged, then switched to a
trickle charge rate and remain in this condition until a power load ex-
ceeding the solar power capability causes the batteries to discharge. The
batteries continue supplying power on a load sharing basis with the solar
array until the overload condition is relieved. Regulation of the main bus
is provided by a combined boost/shunt regulation approach. While the
array temperature is high and the output voltage is low, the boost regu-

lator increases the voltage. The main bus voltage is maintained at

50 VDC + { percent except during battery charging, when it drops to the

charging voltage of the batteries. At Mars encounter, when boosting is
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no longer required, the shunt element assembly automatically provides

the main bus voltage limiting function. Table B-1 gives the mode sequence.

Table B-1. Solar Power Mode Sequence

Item Event Control Active Comment
Source Subsystem

1 Presence of sun on solar

panels
2 On solar power with Power Power *
battery on trickle
charge
3 Power overload Power Automatic
4 Load sharing with battery Power Power Automatic as
power required
5 Power overload relieved Power Automatic
6 Off battery power Power Automatic
7 Start charging battery Power *

at high rate

8 Complete battery charged Power Automatic
at high rate

9 Switch to trickle charge Power Power *
10 Absence of sun on solar Power

panels
11 On battery power Power Power

" Automatic with battery charging subject to command override

1.2 Battery Power Mode

The spacecraft switches over automatically from solar power to
obtain battery power, as required, in the absence of sufficient power

from the solar panels to satisfy the loads. The main bus is maintained

between 37 and 50 VDC. The spacecraft remains on battery power until

the solar panels are again illuminated. The batteries are recharged when
solar-generated power is available above load demand. Table B-2 gives

the mode sequence,.
B-2
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Table B-2. Battery Power Mode Sequence

Item ' Event Control Active Comment
Source Subsystem
1 Absence of sun on solar
panels
2 Drop in voltage output Power Power Automatic
3 On battery power Power Power Automatic
4 Presence of sun on solar
panel
5 On solar power Power Power Automatic

1.3 Battery Reconditioning Mode

To regain full battery capacity after the irregular discharges
occurring during maneuvers, reconditioning of the battery is planned
pPrior to the start of the eclipse season, This occurs on command from
the ground while the spacecraft is on solar power and no overload condi-
tion exists or is foreseen for at least 24 hours. One battery is switched
to a durnmy load and is completely discharged. After battery discharge
is complete, the battery is then recharged. This sequence is repeated

for each of the three batteries.

Battery reconditioning at the end of the eclipse season is also

desirable. Table B-3 gives the mode sequence.

2. S-BAND RADIO UPLINK

The S-band radio uplink functions in the following operating modes:

high-gain reception, medium-gain reception, and low-gain reception.

2.1 Low-Gain Reception Mode

Maximum coverage of reception from earth is obtained by the low-
gain reception mode, which utilizes the two low-gain spacecraft antennas.
If the low-gain antennas have been commanded for transmission they will
also be selected for reception. They may also be selected for reception

by direct command.
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Table B-3. Battery Reconditioning Mode Sequence

Control Active
Item Event Source Subsystem Comment
Prerequisites
e On solar power
e Available power exceed
load, to allow charging

{ Enable battery recondi- MOS C and S Ground command
tioning

2 Switch battery charge Cand S Power
regulator to dummy load

3 Begin battery discharge Power Power Automatic

4 Complete battery Power Automatic
discharge '

5 Switch battery to charge Power Power Automatic

6 DBegin battery charge at Power Power Automatic
high rate

7 Complete charge at high Power Automatic
rate

8 Switch to trickle charge Power Power Automatic

As shown in Figure B-1, the detected low-gain receiver outputs are
combined in the low-gain antenna selectors and fed to the receiver selector
to serve as the selected uplink channel for coherent drive, range code, .
and command data. If the receivers for the low-gain antennas are below
threshold the receiver selector will choose the output from the receiver
connected to the high-gain antenna. If this is also below threshold, the
output of the receiver connected to the medium-gain antenna will be
selected. In any event that no coherent drive is available, the transmitters

will operate in a noncoherent mode.

The low-gain reception mode sequence is given in Table B-4.
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HIGH GAIN  MEDIUM GAIN LOW GAIN
TELEMETRY " owan pirexer | | oeexer | fowexer]  Joreexer
TRANSMITTER [P 1 2 3 4
C AND S BASEBAND 4 —
CIRCULAR y 3 y
N SWITCH
; 1 WATT
G L | TRANSMITTER [T
NGE
CODE ™
C AND S
y
L_] TRANSMITTER RECEIVER RECEIVER RECEIVER IRECEIVER
SELECTOR ! 2 3 4
A
COHERENT CAND § RECEIVER LOW GAIN
DRIVE — SELECTOR ANTENNA SELECTOR
) l bCOMMAND
Figure B-1. Low-Gain Reception Mode Block Diagram
Table B-4. Low-Gain Reception Mode Sequence
Control Active
Item Event Comment
Source Subsystem
Prerequisites
e Radio power supply on Preflight
e Receivers turned on Preflight
e Select transmission
mode and antenna
1 Receive uplink signal TDAS Radio
2 Lock on low-gain antenna Radio Automatic if no
signal lock, switch to
noncoherent
3 Select receiver (low-gain) Radio Radio Automatic
4 Provide coherent drive Radio Automatic
to transmitter Override if
desired
5 Provide signal to command Radio
subsystem
6 Provide range code to Radio

transmitter
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2.2 High-Gain Reception Mode

Maximum gain reception from earth is obtained by the high-gain
reception mode, which utilizes the high-gain antenna., If the high-gain

antenna has been commanded for transmission, it will also be selected

for reception. It may also be selected for reception by direct command.

The description and operating sequence of this mode is similar to
the low-gain reception mode except the high-gain receiver feeds directly

into the receiver selector, as shown in Figure B-2.

HIGH GAIN MEDIUM GAIN LOW GAIN

Y ¥ V¥

TELEMETRY 50 WATT DIPLEXER DIPLEXER DIPLEXER DIPLEXER
TRANSMITTER [~ 1 2 3 4
CAND S BASEBAND |—& N
—_— CIRCULAR . - -
SWITCH
i 1 WATT .
TRANSMITTER [
RANGE >
CODE .
CAND S
¥ y
TRANSMITTER RECEIVER RECEIVER RECEIVER RECEIVER
SELECTOR 1 2 3 4
COHERENT RECEIVER LOW GAIN
DRIVE CAND 5 — SELECTOR [4—|  ANTENNA SELECTOR
3 ] e commano

Figure B-2. High-Gain Reception Mode Block Diagram

2.3 Medium-Gain Reception Mode

For operations requiring reception of ground signals by the medium-
gain antenna, the medium-gain reception mode may be selected in a

manner similar to the high-gain reception mode of 2.2.
3. S-BAND RADIO DOWNLINK

The downlink radio functions in the following operating modes: low-
power and high-gain transmission. low-power and medium gain trans-
mission, low-power and low-gain transmission, high-power and high-gain
transmission, high-power and medium-gain transmission, and high-power

and low-gain transmission.




3.1

Low-Power and High-Gain Transmission Mode

/74

The transmission mode sequence is initiated by the command for

low-power and high-gain transmission mode selection.

The appropriate

exciter power supplies and amplifier power supplies are turned on and

the low-power transmitter is selected. After an appropriate warmup

period is completed, the high-gain antenna is selected which automatical-~

ly switches transmission to the desired antenna and transmitter combina~

tion.

In addition, an option for range code and coherence may be selected.

Prerequisites for selecting transmission modes are the completion of

antenna positioning, and selection of telemetry data rate and data mode.

Low-power and high-gain transmission is utilized during interplanetary

cruise when the geometry of the spacecraft-earth allows for high-gain

antenna communication with earth and the data requirements are modest.

The associated block diagram is shown in Figure B-3 and the mode

sequence is given in Table B-5.

h

HIGH GAIN MEDIUM GAIN

\’[/

\4

LOW GAIN

4

- 50 WATT DIPLEXER DIPLEXER
% ‘ TRANSMITTER [ 1 2 DIPL;XER DIPL‘EXER
CAND BASEBAND g
LaNDS CIRCULAR yy
| T SWITCH '
1 WATT l
TRANSMITTER o]
RANGE
CODE r.
JCANDS r
1 y y 3
Ll TRANSMITTER RECEIVER RECEIVER RECEIVER RECEIVER
SELECTOR 1 2 3 4
COHERENT RECEIVER LOW GAIN
DRIVE CAND s—— SELECTOR [ ANTENNA SELECTOR
% I I——QCOMMAND
Figure B-3. Low-Power and High-Gain Transmission

Mode Block Diagram
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Table B-5. Low-Power and High-Gain Transmission Sequence
Item Event Control Active Comment
Source Subsystem
Prerequisites
e Transmitter and ampli-
fier power supply on
e Antennas positioned
1 Enable transmission mode MOS
selection
2 Select transmission option C and S Radio
for low-power and high-
gain
3 Select transmitter Radio Radio
(low-power)
4 Switch transmitter on CandS CandS
5 Start warmup timer CandS Cand$S
6 Switch amplifier exciter C and S Radio
on
7 Complete warmup C and S
8 Select antenna option Radio Will normally be
in coherent
operation if
receiver is
locked on
9 Switch to desired Radio
antenna (high-gain)
10 Begin transmission Radio
11  Turn off previous Radio

transmitter




3.2 Low-Power and Medium-Gain Transmission Mode

Near earth, when transmission power requirements are low and

the spacecraft is being oriented, it may be possible to utilize the medium-

gain antenna for transmission while the high-gain antenna is pointing away

from earth (Figure B-4).

This mode operation is similar to Mode 3.1

except for the selection of the medium-gain option with the low-power

transmitter.

control to medium-gain.

TELEMETRY

CAND §

3.3 Low-~Power and Low-Gain Transmission Mo

BASEBAND

RANGE
CODE

This causes the transmitter selector to switch the antenna

COHERENT
DRIVE

)

HIGH GAIN  MEDIUM GAIN LOW GAIN
o 50 WATT ) DIPLEXER DIPLEXER DIPLEXER DIPLEXER
TRANSMITTER
I 2 3 4
CIRCULAR y ’ y
SWITCH 1
1 WATT
TRANSMITTER
FcANDs
y y
] TRANSMITTER RECEIVER RECEIVER RECEIVER RECEIVER
SELECTOR 1 2 3 4
\ 4 A
RECEIVER LOW GAIN
CAND 5 ——p] i
DS SELECTOR ANTENNA SELECTOR

Mode Block Diagram

LDCOMMAND

Figure B-4. Low-Power and Medium-Gain Transmission

The low-power and low-gain transmission mode is used for initial

acquisition of the spacecraft, or when neither of the directional antennas

is pointing to earth, or if both are eclipsed by elements of the spacecraft.

This mode of operation is similar to Mode 3.1 except for the selection of

the low-gain antennas (Figure B-5).

3.4

High-Power and High-Gain Transmission Mode

This mode is similar to Mode 3.1 except the high power option is

selected. The high-power and high-gain transmission mode is utilized

when the spacecraft orientation and the volume of data being transmitted
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HIGH GAIN  MEDIUM GAIN LOW GAIN
| sowarr DIPLEXER DIPLEXER DIPLEXER DIPLEXER
TR »|  TRANSMITTER ] ) s Y
C AND S | saseano ]
> CIRCULAR
SWITCH
t 1 WATT
TRANSMITTER
RANGE p—
CODE
c
i ¥ ¥ Y
bl TRANSMITTER RECEIVER RECEIVER RECEIVER RECEIVER
SELECTOR 1 2 3 4
Y 3 1 ¥
COHERENT RECEIVER LOW GAIN
C AND § ——p] ]
DRIVE SELECTOR ANTENNA SELECTOR
L] | L> COMMAND
Figure B-5. Low-Power and Low-Gain Transmission

require this mode.

and verification of spacecraft orientation.

Mode Block Diagram

This mode allows for high data rates transmission

This mode operates similar

to Mode 3.1 except selection of this mode causes the high power trans-

mitter to be turned on a block diagram of the high-power and high-gain

transmission mode is shown in Figure B-6.

HIGH GAIN  MEDIUM GAIN LOW GAIN
DIPLEXER DIPLEXER DIPLEXER DIPLEXER
TELEMETRY 50 WATT
TRANSMITTER 1 2 3 4
CAND § BASE BAND —
— AP CIRCULAR Y 1
# R SWITCH
' 1 WATT
P TRANSMITTER
RANGE
CODE CAND S
[} 1 \ v
e TRANSMITTER RECEIVER RECEIVER RECEIVER RECEIVER
SELECTOR ) 2 3 4
L
COHERENT CANDS RECEIVER LOW GAIN
DRIVE > SELECTOR ' ANTENNA SELECTOR
3 ] Ly commanp
Figure B-6. High-Power and High-Gain Transmission

Mode Block Diagram
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3.5 High-Power and Medium-Gain Transmission Mode

This mode is similar to Mode 3.4 except the medium-gain antenna

option is selected.

3.6 High-Power and Low-Gain Transmission Mode

This mode is utilized for normal operation when data rates are not
excessive but the distance to earth requires high power. The mode opera-
tion is similar to Mode 3.4 except for the selection of the low-gain antenna

option.
4, ANTENNA POINTING

The antenna pointing function involves the following operating modes
(Figure B-7): automatic positioning, position high-gain antenna, and

position medium-gain antenna.

FROM HINGE
CAND S DRIVE
MECHANISM
HIGH
ANTENNA | GAIN
CONTROL ANTENNA
ELECTRONICS §
SHAFT
DRIVE
MECHANISM
POWER
¢
HINGE MEDIUM
DRIVE ————p GAIN
MECHANISM ANTENNA

4.1 Antenna Automatic Positioning Mode

The high- and medium-gain antennas are automatically repositioned
to point to earth. The pointing commands are provided by a function gene-

rator in the C and S to actuate the antenna gimbal driver.

4.2 High-Gain Antenna Command Reposition Mode

The high-gain antenna will be positioned upon command. The

antenna drive power will be turned on and the antenna will start rotating
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about the hinge axis until proper hinge orientation has been accomplished,
the antenna will then begin to rotate about the shaft until the proper posi-

tion has been achieved and the drive power turned off.

4.3 Medium-Gain Antenna Command Reposition Mode

The medium-gain antenna will be positioned upon command. The
antenna drive power will be turned on and the antenna will begin rotating
about the hinge axis until the desired orientation with respect to the

spacecraft body attitude has been achieved.
5. ON-BOARD DATA HANDLING

The data handling functions correspond to the following operating
modes: spacecraft real-time engineering data transmission, command
and sequencer memory data readout, real-time capsule descent data
transmission, real-time science data transmission, data storage, and

spacecraft stored data playback.

5.1 Spacecraft Real-Time Engineering Data Mode

Spacecraft real-time engineering data (including hard wire capsule

data) is continuously transmitted to the ground at 512 bits/sec by means
of the S-band radio subcarrier, which is devoted exclusively to this
function. The data is normally biorthogonal coded, but this coding may
be switched out by command from the ground. The block diagram for this

mode is given in Figure B-8. The mode sequence is given in Table B-6.

CODER ‘
DATA I ENGINEERING ‘
ENGINEERING HANDLING RECORDER
DATA oo )

SPACECRAFT

) :
FLEXIBLE
C AND §
———— FORMAT TRANSMITTER

GENERATOR

l

Figure B-8. Spacecraft Real-Time Engineering Data
Mode Block Diagram




Table B-6. Spacecraft Real-Time Engineering Data Sequence

Item Event Control Active Comment
Source Subsystem
Prerequisites
e Turn on appropriate
instruments and
sensors
e Switch biorthogonal Telemetry Normally
coder included
e Position antennas, as Radio
required
e Select transmission Radio
mode
1 Select data handling mode, C and S Data
spacecraft real-time
engineering data
2 Begin transmission of Data This mode is
data always in
operation

5.2 Computer and Sequencer Memory Readout Mode

The computer and sequencer memory readout may be accomplished
by selecting this mode. The memory data is transmitted over the main
carrier simultaneously with the real-time engineering and low-rate science
data which is transmitted over the subcarrier. After the data readout is
complete, the data is verified by the MOS. The mode block diagram is

given in Figure B-9 and the mode sequence in Table B-7.

5.3 Real-Time Capsule Data Mode

By selecting the real-time capsule data, the telemetry mode is
switched to provide the output of the capsule (low rate) radio link to the
spacecraft high-data-rate channel for modulation of the S-band radio

main carrier. Real-time spacecraft engineering data will continue to be
transmitted utilizing the subcarrier. The mode block diagram is given

in Figure B-10 and the mode sequence in Table B-8.

B-13




TRW sysrems ‘

CODER

SPACECRAFT I
DATA ENGINEERING
ENGlI)r:%iRING P=>1  LANDLING RECORDER

[} y

FLEXIBLE
A
SanDS FORMAT TRANSMITTER

GENERATOR
| l
CODER L

& RECORDER

Figure B-9. Computer and Sequencer Memory Readout
Mode Block Diagram

Table B-7. Computer and Sequencer Memory
Readout Sequence

Item Event Control Active Comment
Source Subsystem
Prerequisites
e Turn on appropriate
instruments and
sensors
e Switch biorthogonal Telemetry Normally
coder included
e Position antennas, as Radio
required
® Select transmission Radio
mode

1 Select data handling mode, C and S Data
computer and sequencer
memory dump and
verification

2 Switch C and S C and S Data
memory readout




Table B-7.

Computer and Sequencer Memory
Readout Sequence

o

ontrol Active
Item Event c ° Comment
Source Subsystem
3 Begin transmission of Data
data
4 Complete transmission DATS C and S
of data
5 Verify C and S MOS
memory data
6 Select next data Cand S DATS
mode
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Figure B-10. Real-Time Capsule Engineering Data
Mode Block Diagram
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Table B-8. Real-Time Capsule Engineering
Data Sequence

Item Event Control Active Comment
Source Subsystem
Prerequisites
e Separation of capsule
e Turn on appropriate
instruments and
sensors
e Switch biorthogonal Telemetry Normally
coder included
e Position antennas, as Radio
required
® Select transmission Radio
mode ‘
1 Select data handling C and S Data
mode, real-time cap-
sule data
2 Switch to capsule engi- Data Data
neering data
3 Begin transmission Data Radio
of data
4 Complete transmission Data Radio
of data

5.4 Real-Time Science Data Mode

Real-time science data is transmitted in a manner similar to
Mode 5.3 except the data mode selection is set at medium-rate science
output. The mode block diagram is given in Figure B-11 and the mode

sequence in Table B-9.




74

SPACECRAFT DATA ENGINEERING
EN G:;:E’EAR'NG aeng HANDLING RECORDER

[ )

CAND § FLEXIBLE
| FORMAT
GENERATOR

CODER

«

TRANSMITTER

' [ > l
SCIENCE DATA SCIENCE
DATA ] HANDLING RECORDER [—© CODER

Figure B-11. Real-Time Science Data Mode Block Diagram

Table B-9. Real-Time Science Data Sequence

Item Event Control Active Comment
Source Subsystem
Prerequisites
e Turn on appropriate
instruments and
sensors
e Switch biorthogonal Telemetry Normally
coder included
e Position antennas, Radio
as required
e Select transmission Radio
mode
1 Select data handling CandS CandS
mode, real-time
medium-rate science
data
2 Switch to medium-rate Cand S Data
science data
3 Begin transmission Data Radio
of data
4 Complete transmission Data Radio
of data
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5.5 Data Storage Mode

In addition to the transmission of spacecraft engineering data in

real-time, additional data may be stored on one or more tape recorders

for later transmission.
turned on, the appropriate tape recorder is switched to record and

turned on.

The instruments, sensors, or TV having been

Any or all of the recorders can record data simultaneously,

while one of the data modes is operating to provide data transmission.

The mode block diagram is given in Figure B-12 and the mode sequence

in Table B-10.

CAPSULE
VIDEO
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ENGINEERING

s::é::ri(s::gﬂc R DATA I ENGINEERING
HANDLING RECORDER
DATA
)
CAND S FLEXIBLE
— FORMAT
GENERATOR
1
SCIENCE DATA SCIENCE
DATA HANDLING RECORDER
SPACECRAFT VIDEO VIDEO
VIDEO > DATA —o RECORDERS
DATA ENCODER
Figure B-12.

5.6 Stored Data Readout Mode

CODER

!

TRANSMITTER

CODER

L

CAND S
READOUT

Data Storage Mode Block Diagram

L]

Stored data may be transmitted simultaneously with the real-time

engineering data after selecting the stored data readout option, i.e.,

engineering, science or video option.

The selected recorder output is

switched in to the high data rate channel for transmission, the recorder

is switched to playback and turned on.

When the playback is completed,

the recorder is turned off and the data select switch repositioned for

the next data storage operation.

Figure B-13 and the mode sequence is given in Table B-11.

The mode block diagram is given in




Table B-10. Data Storage Sequence
Item Event Control Active Comment
Source Subsystem
Prerequisites
e Data input available
1 Select data handling Cand S Data
mode, data storage
2 Select tape recorders Cand S Data Any combinations
(for record) of recorders may
. . be selected
Engineering
Science
Spacecraft tele-
vision (4)
3 Switch tape recorders Cand S Data
to record
4 Switch tape recorder Data Data
off input
T CODER —I——
SPACECRAFT
ENGBriETimNG -.IDATA HANDLING ENgg‘ggg;G —a
4
FLEXIBLE
FORMAT TRANSMITTER
GENERATOR I —
¥ I 1 | M | 1 l
o OR
s |»{oata HanoLnG A ORER bt CODER
OR
SPACECRAFT ‘
VIDEO R -0 o ngg’aﬁns .fgf:gusr
DATA ENCODER
oy T
CAPSULE
ENGINEERING
Figure B-13, Stored Data Readout Mode Block Diagram
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Table B-11. Stored Data Readout
Item Event Control Active Comment
Source Subsystem
Prerequisites
e Turn on appropriate
instruments and
sensors
e Position antennas, Radio
as required
o Select transmission Radio
mode
1 Select data handling mode, Cand S C and S
data storage readout
2 Switch tape recorder Cand S Data Only one re-
Engi . corder selected
ngineering for playback at
Science a time
Video
3 Switch tape recorder to Cand S Data
playback
4 Turn on tape recorder Cand S Data
power
5 Start recorder C and S Data
6 Begin transmission of Data Radio
data
7 Complete transmission Data Radio
of data
8 Turn off tape recorder Cand S Data
power
9 Rewind tape recorder Cand S Data
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The telemetry high-data-rate channel functions in the various

6. DATA RATE CONTROL

possible data rates under control of the computer and sequencer or by

direct ground command. The following modes are used:

6.1 (51.2 kbits /sec data rate)

6.2 (25.6 kbits /sec data rate)

6.3 (12.8 kbits /sec data rate)

6.4 (6.4 kbits /sec data rate)

6.5 (3.2 kbits /sec data rate, emergency)

7. GUIDANCE AND CONTROL

The attitude control section of the guidance and control subsystem
functions in the following modes: boost, rate nulling, limit cycle, sun
acquisition, Canopus acquisition, cruise flight, maneuver preparations,
attitude maneuver, engine operation, maneuver completion, Canopus

sensor update, and inertial attitude mode.

7.1 Boost Mode

The boost mode is activated during prelaunch operations and con-
tinues through planetary vehicle separation. After the guidance and
control subsystem has been turned on and the boost mode selected, the
gyros are electrically caged until active control of the spacecraft is
initiated by the guidance and control at planetary vehicle separation from
the shroud. The mode block diagram is given by Figure B-i4 and the

mode sequence by Table B-12.

7.2 Rate Nulling Mode

The rate nulling mode is initiated at planetary vehicle separation.
The reaction control system is activated and set at the 3-pound thrust
level. The spacecraft begins nulling attitude rates until the rates are
reduced to 0. 01 deg/sec. The mode block diagram is given in Figure B-15

and the mode sequence in Table B-13.
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Figure B-14, Boost Mode Block Diagram
Table B-12. Boost Mode Sequence
Item Event Control Active Comment
Source Subsystem
Prerequisites
e G and C turned on and
checked out

e Countdown initiated
1 Gyro power on CandS GandC
2 Enable boost mode CandS GandC After warmup

period

3 Switch gyros to caged CandS GandC
4 DBegin measuring attitude G and C

rates
5 Liftoff SI-C
6 Planetary vehicle 1U Mechanical

separation signal
7 Enable rate nulling Cand S G and C

mode
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Figure B-16. Rate Nulling Mode Block Diagram
Table B-13. Rate Nulling Mode Sequence
Item Event Control Active Comment
Source Subsystem

1 Set RCS to high thrust CandS GandC

level (3 1b)
2 Planetary vehicle sepa- Mechani- C and S

ration signal cal
3 Initiate separation timer CandS C and S
4 Enable rate nulling mode Cand S GandC
5 Enable RCS solenoid valve Cand S G and C
6 Close control electronics CandS G andC

switch
7 Start rate-nulling G and C
8 Achieve rate-nulled C and S Rates reduced to

condition 0.01 deg/sec
9 Timer initiated backup CandS CandS

signal
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7.3 Limit Cycle Mode

The limit cycle operation is controlled by the switching amplifier
in the control loop. The amplitude of the spacecraft limit cycle is
governed by the deadband in the switching amplifier (+0.5 or +0.25 degree
according to control requirements). During the cruise flight (in earth-Mars
or Mars orbit cruise) the amplitude of the limit cycle is 0. 5 degree
which is required to meet the high-gain antenna pointing accuracy.
For PSP imaging operation, a limit cycle rate of less than 10/deg hr
is required in addition to +0.25 degree limit cycle requirement. For
capsule separation, the +0.25 degree limit cycle is maintained to meet

capsule attitude requirements.

7.4 Sun Acquisition Mode

When sun acquisition is enabled, the attitude control is switched
to coarse sun sensor control with caged cyros and the spacecraft begins |
to pitch and yaw at controlled (0.2 deg/sec) until the sun is acquired in
the field of view of the fine sun sensor. Control is then switched to the ‘

fine sun sensor and pitch and yaw rates are automatically reduced to . ‘

limit cycle levels (less than 0. 001 deg/sec). The spacecraft roll axis

is aligned with the sun line within +0.5 degree.

In the presence of a sun acquisition enable, the sun acquisition
mode is automatically initiated at any time the alignment of the roll axis
deviates from the sun, causing loss of the sun by the fine sun sensor.
The mode block diagram is given in Figure B-16 and the mode sequence
in Table B-14.

7.5 Canopus Acquisition Mode

The Canopus acquisition mode begins when Canopus acquisition
enable is commanded after the sun acquisition gate has been activated.
A bias roll rate (0.1 deg/sec) is initiated with the roll gyros caged to
provide the spacecraft with roll damping. The roll rate continues until
the star Canopus appears in the field of view of the Canopus sensor;
roll attitude control is then switched to the Canopus sensor. When
lock-on has occurred, the roll rate is nulled and roll control is switched

to limit cycle operation for maintenance of the spacecraft orientation,
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Figure B-16. Sun Acquisition Mode Block Diagram

Table B-14. Sun Acquisition Mode Sequence

Control

Active

Item Event Source Subsystem Comment

Prerequisites
e Sun sensors on Coarse and fine

1 Enable sun acquisition CandS Gand C

2 Gyros turned on and CandS Gand C Warmup required
caged

3 Set RCS to high thrust CandS GandC
level

4 Switch control electro- CandS GandC +0. 5 deg/sec
nics to coarse limit cycle

5 Switch control to coarse CandS GandC
sun sensor

6 Connect pitch and yaw CandS Gand C
gyros to control
electronics

7 Begin pitch and yaw at G and C Both rates

high rate

0.2 deg/sec
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Table B-14. Sun Acquisition Mode Sequence

(Continued)
Item Event Control Active Comment
Source Subsystem
8 Sun appears in field of +10 degrees
view of fine sensor of LLOS
9 Switch control to fine G and C Automatic
sun sensor
10 Rates reduced to limit G and C
cycle values
11 Achieve roll axis align- G and C +0.5 degree
ment with sun of LLOS
12 Signal sun acquisition Gand C CandS

i.e., hold Canopus sensor axis on the spacecraft-Canopus line (within

0.5 degree) and the Canopus acquisition gate closes. After verification

of the spacecraft attitude from MOS, the gyros are disconnected and

turned off, and the reaction control jet thrust level is switched to the

low setting (0. 2 pound). The mode block diagram is given by Figure B-17
and the mode sequence by Table B-15,

STARACQUISITION | CANOPUS

ACQUISITION

GATE ROLL

JETS
CANOPUS ¥
SENSOR v | CONTROL RCS
ELECTRONICS

GYRO GENERATORS
TlH S . 0.1 DEG/SEC
TORQUER
AMPLIFIER

Figure B-17. Canopus Acquisition Mode Block Diagram
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Table B-15. Canopus Acquisition Mode Sequence

Item Event Control Active Comment
, Source Subsystem
Prerequisites
o Canopus sensor on
® Sun acquisition complete
1 Enable Canopus acquisi- CandS CandS$S
tion
2 Gyros turned on and CandS Gand C Warmup required
caged if not previously
on
3 Set RCS to high thrust CandS Gand C
level
4 Switch control electro- CandS GandC
nics to coarse limit
cycle '

5  Switch roll bias genera- CandS GandC 0.01 deg/sec
tor to low rate

6 Switch roll bias rate on CandS GandC

7 Canopus appears in field G and C
of view of sensors, and
switch control to Canopus
sensor

0
®

o0

Stop roil rate and con-
verge to roll limit cycle

9 Signal Canopus acquisi- Gand C CandS
tion and switch gyros
out

7.6 Cruise Flight Mode

After completion of sun and Canopus acquisition, the roll axis and
zero degree clock angle plane of the spacecraft are in the celestial
reference system defined by the sun and Canopus lines of sight. Both

sensor acquisition gates are closed, allowing the gyros to be turned off

B-27



TRW sysrems ‘

to conserve electrical power. The reaction control jets are switched
to the low thrust level (0.2 pound) by deactivating the high pressure
regulator in the gas supply line. The G and C maintains the spacecraft

attitude within a +0.5 degree limit cycle about the celestial reference

axes during cruise flight mode. The mode block diagram is given in

Figure B-18 and the mode sequence in Table B-16.
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Figure B-18. Cruise Flight Mode Block Diagram

Table B-16. Cruise Flight Mode Sequence

Item Event Control Active Comment
Source Subsystem
Prerequisites
e Sun acquisition complete
e Canopus acquisition
complete with gyros
switched out
1 Attitude reference veri- MOS If required
fication
2 Turn off gyro power CandS GandC
3 Switch RCS to low thrust CandS GandC 0.2 pound




7.7 Maneuver Preparations Mode

Prior to any propulsive maneuver, the guidance and control system
completes a set of premaneuver events. After the maneuver preparation
has been initiated, the gyros are turned on and allowed to warm up, and
the accelerometers and the TVC actuators are activated. After TVC
power has been turned on, the gain is selected (high or low depending on
thrust level of the maneuver), the TVC gimbal test is accomplished by
actuating in pitch, then yaw, and returning the gimbal to center. Veri-
fication from the ground that the gyros, accelerometers, and TVC are
ready, combined with a verification of antenna position, communica-
tion mode selection, and the C and S memory, allows the spacecraft to
proceed to the attitude maneuver mode. The mode sequence is given
in Table B-17.

7.8 Attitude Maneuver Mode

The attitude maneuver mode begins when the spacecraft attitude
maneuver is enabled, inhibiting sun and star acquisition. The pitch,
yaw and roll gyros are uncaged, and the reaction control thrust is
regulated to the high setting (3 pounds). The control system is then
switched to maneuver mode and commanded to rotate at 0.2 deg/sec
in sequential yaw, pitch, and roll until the proper orientation has been
established. The rates are nulled and the system converges to an
inertial hold limit cycle operation. The communications are switched
to the high-~-gain antenna and verification of spacecraft attitude by the

MOS enables engine operation,

After engine operation has been enabled, the TVC and accelerom-
eter are activated and pitchand yaw attitude control is switched to the
TVC during the engine start signal. A backup timer is started at engine
operation enable which automatically shuts down the engine in event of

normal shutdown signal failure and returns control of pitch and yaw atti-
tude to the RCS.

The mode block diagram is given in Figure B-19 and the mode
sequence in Table B-18.
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Table B-17. Maneuver Preparations Sequence

Control Active

Item Event Source Subsystem Comment
1 Initiate maneuver C and S Or by MOS
preparations command
2 Turn on gyro power CandS GandC
3 Begin gyro warmup G and C
4 Turn on accelerometer CandS GandC
power
5 Turn on TVC actuator CandS GandC
power
6 Turn on TVC electronics CandS Gand C
7 Initiate gimbal test Cand S G and C |
8  Actuate TVC (pitch) G and C |
9 End TVC pitch G and C
10 Actuate TVC (yaw) G and C
11 End TVC yaw G and C
12 Return TVC to center G and C
13 Complete TVC centering G and C
14 Gyro warmup completed G and C
15 Initiate gyro test CandS Gand C
16 Complete gyro test Gand C Cand S
17 Initiate accelerometer CandS Gand C
test
18 Complete accelerometer Gand C Cand S
test
19 Verification of space~ MOS
craft readiness
20 Enable spacecraft MOS C and S

attitude maneuver
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Figure B-19. Attitude Maneuver Mode Block Diagram

7.9 Guidance and Control Engine Operation Mode

During main engine operation, pitch and yaw control are switched
from RCS to TVC and pitch, yaw, and roll gyros are uncaged. The con-
trol gains set during maneuver preparation allow for engine gimbal con-
trol under high or low engine thrust levels. The mode block diagram is

given in Figure B-20 and the mode sequence in Table B-19.

7.10 Maneuver Completion Mode

The maneuver completion mode begins when an engine shutdown
signal or engine shutdown backup signal is generated. The control sys-

tem is switched to coarse limit cycle (+0.5 degree), and TVC and

accelerometers are turned off. The comparator in the C and S which
registers the angular position change commanded during the attitude
maneuver mode commands a spacecraft maneuver equal in angular magni~
tude and of opposite polarity to the attitude maneuver to reacquire the
sun-Canopus celestial attitude reference. The automatic sun-Canopus
acquisition modes serve as a backup capability for celestial reference

acquisition.
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Table B-18. Attitude Maneuver Mode Sequence

Control

Active

Item Event Source Subsystem Comment
Prerequisites
e Communication mode
e Gyros uncaged
1 Initiate spacecraft atti- Cand S
tude maneuver
2 Switch control electro- CandS G and C
nics to fine limit cycle
3 Set RCS to high thrust CandS GandC 3 pounds
level
4 Switch spacecraft CandS GandC
control to gyros
5 Inhibit sun sensor CandS GandC
6 Inhibit Canopus sensor CandS Gand C
7 Start yaw at 0,2 deg/sec G and C
8 Stop yaw and converge to G and C
limit cycle
9 Start pitch at 0.2 deg/sec G and C +0.25 degree,
automatic
10 Stop pitch and converge to G and C
limit cycle
11 Start roll at 0.2 deg/sec G and C
12 Stop roll and converge G and C
to limit cycle
13 Verify maneuver com- MOS
plete
14 Enable engine operation MOS C and S
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Figure B-20. Engine Operation Mode Block Diagram
Table B-19. Engine Operation Mode Sequence
Item Event Control Active Comment
‘ Source Subsystem
Prerequisites
o Enable by MOS
1 Initiate G and C engine CandS GandC
operation
2 Switch gyros to uncaged CandS Gand C All gyros
3 Switch pitch and yaw CandS Gand C
RCS off
4 Engine start Cand S Propulsion
5 Engine shutdown Cand S Propulsion
6 Switch pitch and yaw Cand S Gand C
RCS on
7 Switch TVC off CandS GandC
8 Initiate G and C ma- CandS GandC

neuver completion
mode
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7.11 Inertial Attitude Hold Mode

Inertial attitude hold is also required to hold the spacecraft on
inertial references any time the celestial references are lost. Gyros
are uncaged and switched to position hold. The spacecraft will maintain
a limit cycle operation within +0.5 or +0.25 degree as was the case
prior to loss of the celestial references. The celestial references are

re-established whenever this is possible.
8. PYROTECHNIC CONTROL

The electrical distribution subsystem functions in the following
operating modes: prelaunch, launch, planetary vehicle adapter-space-
craft separation, antenna deployment, propulsion system operation for
maneuvers and orbit injection, tank venting, and experiment package

deployment,

8.1 Prelaunch Mode

During prelaunch, the pyrotechnic control assembly is normally
in the "'safe'' condition because the separation switches are held open
by the planetary vehicle adapter. A command override for this inter-
lock is provided to allow testing. Reset of the interlock is accomplished
by applying a control signal through the system test connector from

ground test equipment. This cannot be accomplished after launch.

The distribution control unit allows individual on/off control of
each spacecraft primary power bus through the systems test connectors
from ground test equipment. A single decoder command is available
for use after launch to step all relays to the On position, in case some

disturbance causes one or more to move to the Off position.

8.2 Launch Mode

As part of the countdown for launch, the external umbilical cable

from the launch complex to the shroud is disconnected.

8.3 Pre-Arm Mode

As part of the preparation for separation, the ordnance-operated
umbilical connector between each spacecraft and its planetary vehicle
adapter is ejected following receipt of firing signals from the launch

vehicle.
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Separation between the spacecraft and planetary vehicle adapter
occurs as a result of pyrotechnic action controlled by the launch vehicle.
Separation is sensed by the planetary vehicle adapter-spacecraft inter-
face microswitches which send a signal to the pyrotechnic control assem-
bly and the computer and sequencer. In the pyrotechnic control unit, this
signal is used to operate the master or '"pre-arm' arming relay, causing
it to make electrical power available to the arming and firing circuits.

In case of failure to accomplish this function, a backup command is

provided.

8.4 Arm Antenna Deployment Mode

For this operation, the pyrotechnic control unit receives signals
from the computer sequence or decoder and, in response, delivers firing

signals to appropriate pyrotechnic devices.

8.5 Arm Propulsion System Operation Mode

For propulsion operation, the pyrotechnic control unit and the
distribution control unit receive command signals from the computer
sequence or decoder and, in response, deliver firing signals to appro-
priate pyrotechnic devices. For the second midcourse maneuver, sig-

nals are received only from the distribution control unit.

8.6 Arm Tank Venting Mode

Following all propulsion firings, firing signals are obtained from
the pyrotechnic control unit to accomplish venting of the propulsion sub-

svystem tanks.

8.7 PSP Deployment Mode

For this operation, the pyrotechnic control unit receives command
signals from the computer sequence or decoder, and in response, de-

livers firing signals to appropriate pyrotechnic devices.
9. PLANETARY VEHICLE SEPARATION

Separation of the two planetary vehicles involves the following
operating modes: nose fairing jettison, planetary vehicle separation, and

aft shroud jettison.
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9.1 Forward Shroud Elements Mode

The shroud nose fairing and forward section is jettisoned in earth
parking orbit. The signal to jettison the fairing is generated by the S-1VB
stage. Firing the initiators on the circumferential splice ordnance opens
the forward splice, and allows the spring mechanism to release. The
springs cause the nose fairing section of the shroud to separate from the
space vehicle at a predetermined relative velocity. The jettisoned ele-
ment will increase in altitude and slow down so as not to interfere with

the remaining vehicle.

9.2 Planetary Vehicle Separation Mode

The planetary vehicles are separated shortly after Mars transfer
trajectory is achieved. The separation sequence is initiated by a sepa-

ration signal resulting from either second S-IVB shutdown (for the

forward planetary vehicle) or by confirmation of aft shroud elements
jettison (for the aft planetary vehicle). Initiation of the separation se-
quence causes the S-IVB to be properly oriented and attitude-stabilized
for the separation event. Once S-IVB attitude hold has been achieved,

the planetary vehicle is separated by firing explosive holddown bolts
between the planetary vehicle and the planetary vehicle adapter; once
released, the spring separation mechanism imparts a prescribed velocity

difference to the planetary vehicle to separate it from its adapter.

9.3 Mid-Section Elements Jettison Mode

Aft elements of the shroud, forward of the second (aft) planetary
vehicle, are jettisoned in Mars transfer trajectory after the first plane-
tary vehicle has been separated. The S-IVB is attitude-stabilized and
the aft shroud jettison signal fires the initiators which open the aft cir-
cumferential splice, allowing the spring mechanism to separate the

shroud elements in a manner similar to Mode 9. 1,

1{0. CONFIGURATION

Changes in configuration will occur by means of the following

operating modes: establish cruise configuration and orbital operation.
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10.1 Establish Cruise Conf@ration Mode

After separation of the planetary vehicle from the shroud, the cruise
configuration is established by deploying stowed antennas and booms, and
extending the planetary scan platform to its intermediate position. All of
the appendages and articulated elements are released and deployed as
soon as possible after the planetary vehicle becomes stabilized to enhance

the probability of mission success.

10.2 Orbital Operation Mode

After capsule-spacecraft separation during the Mars orbital opera-
tion, the planetary scan platform is rotated to its fully deployed position.

It remains in this configuration for the remainder of the mission.

1i. THERMAL CONTROL

The temperature control subsystem functions in the following op-
erating modes:i normal operation, activation of high-gain antenna shaft
drive heater, activation of high-gain antenna hinge drive heater, activa-
tion of high-gain antenna shaft drive heater, and activation of medium-

gain antenna hinge drive heater.

{1.1 Normal Operation Mode

During the mission and subsequent to separation from the shroud,
the temperature control subsystem provides automatic control of the
thermal environment by use of bimetallic louvers and thermostatically

controlled heaters.

11.2 Activation of High-Gain Antenna
Shaft Drive Heater Mode

Upon ground command, the high-gain antenna shaft drive heater is
actuated for a prescribed period of time and turned off. The remainder of
the temperature control system functions automatically.

11,3 Activation of High Gain Antenna
Hinge Drive Heaters Mode

Upon ground command, the high-gain antenna hinge drive heater is
activated for a prescribed period of time and turned off. The remainder
of the temperature control system functions automatically. Sequential

operation is the same as Mode 11.2.
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11.4 Actuation of Medium-Gain Antenna
Hinge Drive Heater Mode

Upon ground command, the medium-gain antenna hinge drive heater
is actuated for a prescribed period of time and turned off. The remainder
of the temperature control system functions automatically. Sequential

operation is the same as Mode 11.2.

11.5 Actuation of Gimbal Platform Drive Heater Mode

Upon ground command, the planetary science package gimbal plat-
form drive is actuated for a prescribed period of time and turned off.
The remainder of the temperature control system functions automatically.

Sequential operation is the same as Mode 11.2.
2. PROPULSION

The propulsion system operates in the following modes: low thrust,
active pressurization; low thrust; ullage blowdown; high thrust; and pro-

pellant tank venting.

12.1 Low Thrust, Active Pressurization Mode

This firing mode is used only for the arrival date separation firing.
All subsequent midcourse corrections, if required, and the orbit trim
maneuvers are conducted using low thrust, ullage blowdown operation
(Mode 12.2). The pressurization system is activated, pressurizing the
propellant tanks, by firing open the normally-closed electro-explosive
pressurant, fuel tank, and oxidizer tank isolation valves. With the pro-
pellant tanks pressurized, engine firing is accomplished by opening the
start tank (with the pintle commanded to the low thrust position), then
the engine quad bipropellant solenoid valves. After four seconds of
engine operation to allow propellant settling in the main tanks, the main
prevalves are opened and the start tank valves closed, so as to retain
propellant for subsequent starts. The mode sequence 1is given in

Table B-20.

t2.2 Low Thrust, Ullage Blowdown Mode

This firing mode is used for all firings except the arrival date
separation and orbit insertion firings. The engine operation sequence is

the same as for Mode 12. 1; however, the pressurization system is not
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Table B-20. Low Thrust, Active Pressurization Sequence

Item

Event

Control
Source

Active
Subsystem

Comment

Prerequisites

® Accelerometers on
e TVC on

® MOS verification and
enable

e Pyrotechnic valves
armed

e Attitude maneuver
completed

e Communications mode

selected

e Data and telemetry
mode selected

Enable engine low thrust
mode

Open first leg pressuri-
zation NC isolation
valves

Tank pressure rise to
235 psia

Pintle actuator to low
thrust position

Open start tank quad.
bipropellant solenoid
valve

Open engine low thrust
quad bipropellant
solenoid valve

Engine starts

Start integrating
accelerometer

MOS

C and S

Cand S

C and S

C and S

Pyrotechnic

Propulsion

Propulsion

Propulsion

Propulsion

Propulsion

C and S

3 valves



TRW sysrems

Table B-20. Low Thrust, Active Pressurization Sequence
(Continued)
Control Active
Item Event Source Subsystem Comment
9 Start engine operation Cand S CandS

timer

10 Switch pitch-yaw attitude Cand S GandC
control to TVC

11  Open main propellant Cand S Propulsion
tank prevalves

12 Close start tank quad Propul- Propulsion Signaled by pre-
bipropellant solenoid sion valve open limit
valves switch

13 Timer commands start Cand S Propulsion Backup signal
tank valves closed

14 Sense required level of C and S
integrated acceleration

15 Close low thrust sole- Cand S Propulsion
noid valve

16 Timer commands low Cand S Propulsion Backup signal
thrust solenoid closed

17 Engine shutdown Propulsion

18 Switch attitude control CandS GandC
to RCS

19 Close main propellant Cand S Propulsion
tank prevalves

20 Close first leg pressuri- Cand S Pyrotechnic 3 valves

zation NO isolation
valves

activated prior to engine operation and the propellant expulsion is accom-

plished by allowing the ullage gas already in the propellant tanks to ex-

pand.

The mode sequence is shown in Table B-21.
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Table B-21. Low Thrust, Ullage Blowdown Sequence

Item

Event

Control
Source

Active
Subsystem

Comment

w

Prerequisites

e Accelerometers on

e TVC on

® MOS verification and

enable

e Pyrotechnic valves
armed

e Attitude maneuver
completed

e Communications mode

selected

® Data and telemetry
mode selected

Enable ‘engine low thrust

mode

Pintle actuator to low
thrust position

Open start tank quad
solenoid valve

Open engine low thrust

quad bipropellant
solenoid valve

Engine starts

Start integrating
accelerometer

Start engine operation
timer

Switch pitch-yaw atti-
tude control to TVC

MOS

Cand S

C and S

Cand S
Cand S

Cand S

C and S

Propulsion

Propulsion

Propulsion

Propulsion

C and S

C and S

G and C
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Table B-21. Low Thrust, Ullage Blowdown Sequence

(Continued)
Control Active
Item Event Source Subsystem Comment
9 Open main propellant C and S Propulsion
tank prevalves
10 Close start tank quad Propul- Propulsion Signaled by pre-
solenoid valves sion valve open limit
switch
1{ Timer commands start C and S Propulsion Backup signal
tank valves closed
12 Sense required level of C and S
integrated acceleration
13 Close low thrust sole- C and S Propulsion
noid valve
14 Timer commands low Cand S Propulsion Backup signal

thrust solenoid closed

15 Engine shutdown Propulsion
16 Switch attitude control Cand S GandC

to RCS.
17 Close main propellant C and S Propulsion

tank prevalves

12.3 High Thrust Mode

The high thrust firing mode is used only for the orbit insertion
firing. The operation is essentially the same as Mode 12.1, except that
after the engine has started, the main shutoff ball valves are open, the
quad bipropellant solenoid valves are closed, and the pintle commanded

to the high thrust position. The mode squence is shown in Table B-22.

12.4 Propellant Tank Venting Mode

After all propulsion system operations are completed, the system

is vented and residual propellants depleted. The tanks remain vented

open during the orbit operations. Venting is accomplished by opening
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Table B-22. High Thrust Sequence
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Item

Control

Event
Source

Active
Subsystem

Comment

Prerequisites

® Accelerometers on
e TVC on

® MOS verification and
enable

® Pyrotechnic valves
armed

e Attitude maneuver
completed

e Communications -
mode selected

e Data and telemetry
mode selected .

Enable engine low thrust MOS
mode

Open {first leg pressuriza- C and S
tion NC isolation valves

Tank pressure rise to
235 psia

Pintle actuator to low
thrust position

Open start tank quad. Cand S
bipropellant solenoid

valve

Open engine low thrust Cand S
quad bipropellant sole-

noid valve

Engine starts

Start integrating
accelerometer

B-43
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Pyrotechnic

Propulsion

Propulsion

Propulsion

Propulsion

Propulsion

C and S

3 valves
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Table B-22. High Thrust Sequence (Continued)

Item Event Control Active Comment
Source Subsystem
9 Start engine operation CandS Cand S
timer
10 Switch pitch-yaw atti- Cand S GandC
tude control to TVC
11  Open main propellant C and S Propulsion
tank prevalves
12 Close start tank quad Propul- Propulsion Signaled by pre-
bipropellant solenoid sion valve open limit
valves switch
13 Timer commands start Cand S Propulsion Backup signal
tank valves closed
14 Command main ball Cand S Propulsion
valves open
15 Shuttle pintle to high Propulsion
thrust position
16 Close low thrust sole- Cand S Propulsion
noid valves
17 Sense required level of Cand S Propulsion
integrated acceleration
18 Close low thrust sole- Cand S Propulsion
noid valve
19 Timer commands low Cand S Propulsion Backup signal
thrust solenoid closed
20 Engine shutdown Propul- C and S
sion
21 Switch attitude control CandS GandC
to RCS
22 Close main propellant Cand S Propulsion
tank prevalves
23 Close first leg pressuri- Cand S Pyrotechnic

zation NO isolation valves




the normally closed explosive vent valves. The pressure in the oxidizer
tank is vented first, and after a suitable delay the fuel and pressurant

tanks are vented. The mode sequence is given in Table B-23.

13. PSP CONTROL

The PSP control system functions in the following operational modes:
orbital science preparation, orbital science operation, and automatic

tracking.

13.1 Orbital Science Preparation Mode

The spacecraft will orbit for several days prior to the orbit trim
maneuver. During the initial period for applicable orbits, the terminator
and limb crossing sensors are turned on and the crossing signals are
utilized by the C and S to establish the science orbital program. For
other orbits the stored orbital experiment preparation sequence is acti-
vated by the C and S, following celestial acquisition. The PSP is also
turned on as required and the acquisition angles are supplied by the
C and S so that the PSP can begin tracking Mars. The science experi-
ments will be turned on and, following a warmup period, will be cali~
brated. The science subsystem will then acquire data and telemeter it
to earth for verification of the planetary experiments operation. The

mode sequence is given in Table B-24.

13.2 Orbital Science Operation Mode

During a six-month period following insertion into Mars orbit, the
spacecraft will perform a prescribed automatic controlled science pro-
gram. The automatic science program sequence will be stored in the
C and S and turned on when the spacecraft is not supporting orbit trim
maneuvers or capsule operations. The orbital sequence will be initiated
for each orbit by a timer which is set and updated twice each orbit at the
dawn and evening terminator. A description of the use of the terminator
crossings for automatic sequencing of science operations was given in
the TRW Phase 1A Task B Final Technical Report, Volume 1, of
17 January 1966.

The orbital sequence will automatically turn on each instrument,
start and stop measurements, switch data modes, turn on and off tape

recorders, and switch transmission modes as required.
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Table B-23. Propellant Tank Venting Sequence

Control Active
Item Event Source Subsystem Comment
Prerequisites
e All engine operations Pyrotechnic
completed
¢ Pyrotechnic valves Pyrotechnic.
armed
e Pressurization system All pressure
locked up lines valves
closed
1 Enable oxidizer tank CandS Cand S
2 Open normally closed Cand S Pyrotechnic
oxidizer tank explosive
vent valve
3 Oxidizer tank pressure Propulsion
reduced to zero
4 Oxidizer tanks empty Propulsion
5 Enable fuel tank venting C and S C. and S
6 Open normally closed C and S Pyrotechnic
fuel tank explosive vent
valve
7 Fuel tank pressure Propulsion
reduced to zero
8 Fuel tanks empty Propulsion
9 Enable pressurant tank
10 Open NC pressurant Cand S Pyrotechnic
tank vent valve
11 Pressurant tank pres- Propulsion

sure reduced to zero
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Table B-24. Orbital Science Preparation Sequence

Item Event Control Active Comment
Source Subsystem
1 Turn on limb detection CandS GandC
2 Turn on terminator CandS GandC
detector
3 Initiate orbital science CandS CandS
preparation
4 Start mode timers Cand S CandS
5 Turn on planetary science
power
6 Turn on photo-imaging Cand S Photo See photo-
imaging sequence
7 Turn on broadband IR C and S Science
spectrometer
8 Turn on high resolution Cand S Science
IR spectrometer
9 . Turn on IR radiometer Cand S Science
10 Turn on UV spectrometer C and S Science
i1 Turn on Mars sensor Cand S GandC
12 Begin high-gain antenna CandS GandC
positioning
13 Complete high-gain Gand C CandS
antenna positioning
14 Begin medium-gain Cand S GandC
antenna positioning
15 Complete medium-gain GandC CandS
antenna positioning
16 Complete science sub- CandS CandS
system warmup
17 Switch high resolution Cand S Science

IR spectrometer to
calibrate

B-47



TRW sysrems

Table B-24. Orbital Science Preparation Sequence

(Continued)
Item Event Control Active Comment
Source Subsystem

18 Switch G and C to fine C and S G and C
limit cycle

19 Switch PSP to auto- C and S G and C
matic control

20 Enable science experi- CandS CandS
ments

21 Switch to data Mode 4 C and S Data

22 Begin data readout Data Science

23 Complete data readout Data C and S

24 Switch to data Mode 1 C and S Data

25 Switch G and C to C and S G and C
coarse limit cycle

26 Verification of science MOS C and S
operation

27 Initiate orbital science C and S Science

sequence

be repositioned every nine hours and the Canopus sensor will be updated

as required.

During Mars orbit, the high-gain and medium-gain antennas will

During periods of long eclipses, operation of some of the

science experiments will be reduced automatically if required for con-

servation of electrical power.

entire mission although emphasis and priority will be placed on the early
acquisition of data.
revised by ground command after verification of initial orbital operations

success criteria have been met.

The orbital science operations sequence will be optimized for the

The orbital science operations can be updated and

The flexibility of ground update of the

sequence after initial period of orbital operation has been evaluated and

will allow for maximum utilization of the spacecraft science sensors for

satisfaction of the program objectives.
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13.3 Automatic Mars Tracking Mode

The PSP will accept angle and angle rate commands from the Mars
sensors, and will be capable of operating in an automatic tracking mode

so as to point its boresight axis toward the center of Mars.

The PSP will be capable of aligning the boresight axis of the plat-
form to the center of the planet Mars. While tracking, the random
angular motion of the PSP will be limited so that it will be compatible

with the operation of the mounted science equipment.

The mode sequence is given in Table B-25.

Table B-25. Automatic Mars Tracking Sequence

Control Active
Item Event Source Subsystem Comment
Prerequisites
e Stabilized in Mars Orbit G and C
® Terminator and limb 'G and C

crossging sensors on

1 Enable PSP Mars tracking Cand S PSP

2 Turn on PSP power Cand S PSP

3 Turn Mars sensor Cand S PSP

4 Switch Mars sensor to CandS PSP
PSP drive electronics

5 Set Mars acquisition Cand S PSP
angles

6 Begin tracking Mars Cand S PSP

7 Enable PSP science Cand S PSP
experiments

14. SPACECRAFT SCIENCE

The spacecraft science subsystem functions in the following operating

mode: photo-imaging sequence.
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14.1 Photo-Imaging Sequence Mode

The photo-imaging sequence is the same for all photo-imaging

devices, and is given in Table B-26.

" Table B-26. Photo-Imaging Sequence

Item Event Control Active Comment
Source Subsystem
{ Initiate photo-imaging C and S Sequence timed
sequence from termination
crossing or by
command
2 Turn on photo-imaging Cand S Photo
electronics
3 Set color filter C and S Photo
4 Set shutter speed Cand S Photo
5 Select image motion com- C and S Photo
pensation rates (if
required)
6 Signal photo-imaging Photo C and S
system warmup complete
7 Switch G and C to fine Cand S Gand C
limit cycle
8 Switch PSP control option C and S PSP Only one PSP
Automatic control mode
C d point; See PSP control
ommand pointing modes
9 Enable science experi- Gand C Cand S
ments
10 Actuate image motion Cand S Photo
compensation
t1 Actuate shutter Cand S Photo
12 Acquire photo image Photo Photo
13 Switch to data mode Cand S Data




Table B-26. Photo-Imaging Sequence
Control Active
t
Item Event Source Subsystem Comment
14 Begin reading camera Data C and S
data
15 Complete reading camera Data C and S Repeat 10 through
data 15 until photo
sequence is com-
pleted
16 Complete photo sequence CandS CandS$S
17 Switch to data mode Cand S Data
18 Switch PSP off Cand S PSP
19 Switch Gand Ctocoarse CandS GandC
limit cycle
20 Turn off photo-imaging Cand S PSP

electronics
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APPENDIX C

SELECTED MARS ORBIT DATA FOR THE 1973 MISSION

Seven representative earth-Mars trajectories have been selected
for the 1973 Mars opportunity and calculation for a number of related
orbits at Mars have been carried out and presented here. The appropri-
ate launch-arrival dates and hyperbolic excess speeds (Voo) at Mars
encounter are presented in Table C-1, along with an identification

number for each trajectory,

Table C-1. Mars Encounter Data

ATra.jectory
No. Earth Launch Date Mars Arrival Date Voo (km/sec)
1 2] July 1973 7 February 1974 3.017
2 12 August 1973 7 February 1974 3.044
3 3 September 1973 7 February 1974 3.231
4 8 August 1973 21 March 1974 2.580
5 5 September 1973 21 March 1974 2.494
6 22 August 1973 25 April 1974 2,669
7 11 September 1973 25 April 1974 2,586

All data contained in this appendix are presented for various com-

binations of the following Mars orbit parameters.

Orbit size (h_ x h_): periapsis altitude and apoapsis altitude,

v ) measured with respect to a spherical Mars
(radius 3395 km).

Inclination (i): measured with respect to the Mars equator;
inclination is designated either S or N, de-
pending on whether the initial target point in
the R-T plane is south or north of the

T-axis.
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Apsidal orientation angle (¥): locates the orbital line of apsides

with respect to the approach asymp-
tote vector (8 ); it is measured from
the negative approach asymptote
vector (-s) to the ellipse radius vec-
tor (?;) in the direction of orbital

motion,

Time: measured from the impulsive orbit
injection point (also commonly refer-

red to as "insertion' or "encounter'),

Three different orbit sizes are considered in the analysis, 1, 000 x
10,000, 1, 000 x 15, 000, and 1, 000 x 20,000 km. Time plots of attitude and

true anomaly for these orbits are presented in Figures C-1 through C-3.

360 v T 18,000
ITRUE ANOMALY

320 16,000

280 / 14,000

/
10,000

/ )\ 8000

120 \ 6000

240

o

(=3
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(=]
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>
=)

80 // \ 4000
40 , 2000
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Figure C-1. True Anomaly and Altitude for
1000 x 10, 000 km Orbit
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Pertinent Mars orbit insertion data for each of the seven 1973 - 74

earth-Mars trajectories are presented in Tables C-2 and C-3. The
apsidal orientation angles and AV requirements for optimum cotangential,
impulsive transfers into three different Mars orbits are presented in
Table C-2. For comparison, the AV requirements for apsidal orientation
angles of 60, 90, and 150 degrees are presented in Table C-3. Also
included in this table are the transfer point true anomalies on the approach
hyperbola (UH) and the elliptical capture orbit (UE), for the optimum trans-
fers, Vy = VE = 0 deg.

Table C-2. AV Requirements for Optimum Cotangential
Periapsis Transfers into Mars Orbits

Trajectory 1 Orbit Size AV
No. (deg) (km) (km/sec)
1 121.131 1000 x 10, 000 1.516

1000 x 15, 000 1.381
1000 x 20, 000 1,297
2 120.834 1000 x 10, 000 1.532
1000 x 15, 000 1.396
1000 x 20, 000 1,312
3 118.871 1000 x 10, 000 1. 640
1000 x 15, 000 1.504
1000 x 20, 000 1.420
4 126. 453 1000 x 10, 000 1.282
1000 x 15, 000 1.147
1000 x 20, 000 1.063
5 127. 625 1000 x 10, 000 1.239
1000 x 15, 000 1.104
1000 x 20, 000 1.019
6 125. 289 1000 x 10, 000 1.328
1000 x 15, 000 1.192
1000 x 20, 000 1.108
7 126. 375 1000 x 10, 000 1.285
1000 x 15, 000 1.150
1000 x 20, 000 1. 066
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This appendix is divided into seven sections, one for each earth-

Mars trajectory considered. For the combinations of orbit size, inclina-
tion, and apsidal orientation specified in Table C-4, the following
parameters are presented as a function of time from orbit injection.

° Orbital inclination with respect to the Mars
ecliptic

. Latitude of the sub-periapsis point
. Angle from periapsis to the terminator plane;

+ (-) indicates that the sub-periapsis point is
on the light (dark) side of Mars

° True anomaly at entrance into, and duration of
sun, earth, and reference star™ (Canopus) ‘
occultations

° Angles between the normal to the orbit and the
Mars-sun and Mars-earth lines

° Cone and clock angles of the normal to the orbit
(see Figure C-4); tick marks designate 30 day

intervals
SUN
CANOPUS
MERIDIAN ‘
CONE
ANGLE NORMAL TO
e e P — ORBIT
w—
— V b O
P - 7 \\\
g Z ~

CLOCK ANGLE

TERMINATOR
PLANE

Figure C-4. Cone and Clock
Angle Definition

% Data for Canopus occultation is included only for the 6 non-zero cases
(6, 15, 21, 26, 32, 37).




Table C-4,

Index to Data

Orbit Size Apsidal Orienta-

Trajectory h_xh_ (km) tation, ¥ Case
No. P 2 Inclination, i (deg) No.

1 1000 x 15, 000 20°s 121.131 1

20°N 2

40%s 3

40°N 4

60°s 5

Y 60°N 6

1000 x 10, 000 40°%s 7

1000 x 20, 000 ' 8

1000 x 15, 000 60 9

90 10

150 11

2 1000 x 15, 000 40°s 120, 834 12

: 40°N 13

3 1000 x 15, 000 40°S 118.871 14

40°N | 15

4 1000 x 15, 000 20° 126.453 16

20°N 17

40% 18

40°N 19

60°s 20

60°N 1 21

40% 60 22

90 23

) 150 24

5 1000 x 15, 000 4005 i27. 625 25

40°N { 26

6 1000 x 15, 000 20°s 125. 289 27

20°N 28

40% 29

40°N 30

60°s 31

60°N Y 32

40°s 60 33

90 34

v 150 35

7 1000 x 15, 000 40°s 126. 375 36

40°N { 37

Cc-7
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In addition, for cases 1-6, 16-21, and 27-32, orbit displays are
presented on a uniform latitude, longitude grid at three different points
in time: injection, 90 days after injection, and 180 days after injection.
Latitude is measured from the Mars equator, and longitude is referenced
to the meridian containing the Mars-sun line. The following characteris-

tics are indicated on each display.
e The Mars ecliptic
. The locations of the sun, earth, and Canopus
° The terminator plane
® The suborbital track
e Location of the periapsis radius vector

e Location of the approach asymptote vector
(at encounter)

e Designation of intervals corresponding to
sun, earth, or Canopus occultations

) Tick marks on the suborbital track designating
variations in altitude, and time from periapsis.
Time ticks are presented along the top of the
track, and altitude ticks along the bottom as
illustrated in Figure C-5.

90 90
60 TIME TICKS ALONG THE TOP GIVEN|__1,n
o IN HOURS FROM PERIAPSIS
8
7 e
3015 P -1048—¢
12 TN
14 4
Py 15 0
2 0 2
= MARS EQUATOR
3
-30 r_p.\‘\ /45
2
-60 ALTITUDE TICKS ALONG THE BOTTOM |—{-¢0
GIVEN IN THOUSANDS OF KILOMETERS
(15 DESIGNATES APOAPSIS)
-50 | 1 | 1 1 90
-180 -150 -120 -90 -60 -30 0 30 60 90 120 150 180

LONGITUDE

Figure C-5. Sample Orbit Track

C-8




CASE NO. 1

1000 x 15, 000 km
i = 20°s

¥ = 121,131 deg

o
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CASE NO. 7

1000 x 10, 000 km
i = 40%s
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CASE NO. 10

1000 x 15, 000 km
i = 40%

¥ = 90 deg
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